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STEEL FORMS 


There’s smooth, trouble-free production ahead when WATCO Steel Forms 
are installed. WATCO forms and accessories will save you time and money 
on every precasting or prestressing job, producing cleaner units with greater 
dimensional stability, everytime. Complete line of forms for all standard 
structural units including AASHO-PCI shapes, plus custom design and fabri- 
cating of forms for those special order jobs. 








Write for full information, catalog and spec sheets: Plant City Steel Corpora- 
tion, P.O. Box 1308, Plant City, Florida. 
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AMDEK BRIDGE MEMBER 
FORMS TYPE C 











y WAT 








PCI-AASHO BRIDGE GIRDERS 
30° THROUGH 100 
LENGTH TYPE II 
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manufactured by 


PLANT CITY STEEL CORPORATION, Plant City, Fla. CONVERTO MANUFACTURING CO., Cambridge City. In 





PRESTRESSED JOBS 
ARE LONG ON 


You get trouble-free tensioning...strand that 
lays out straight, makes installation easy, 

ives a clean and easily-gripped surface... from 
SS Super-Tens. It's made with uniform top 
quality in every reel—by the pioneer producers 

_ prestressing strand. For your next job, specify 
USS Super-Tens —only high-tensile strength, 
Stress-relieved strand made in the West! 
December, 1959 


USS and Super-Tens are registered trademarks 


Columbia-Geneva Steel 
Division of 
United States Steel 














STRESSTEEL was the solution 


to this Engineering Problem 
ae 





Medical Research Center, 
University of Pennsylvania, 
Philadelphia. 


Lovis |. Kahn, Architect: 
Keast & Hood and Dr. 
August E. Komendant, 
Structural Engineers 


Joseph A. Farrell, inc., 
General Contractor 


Atlantic Prestressed 
Concrete Co., concrete 
units. 
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How to assemble and prestress 





‘in place, 8 precast concrete 
segments in each floor system of a 7 story clear-span Vierendeel frame 
building, with maximum efficiency and minimum cost. 


Post tension with STRESSTEEL, 
taking advantage of the inher- 





The building consists of 3 wings made up 
entirely of precast members surrounding 
a central unit of cast-in-place concrete. 
The framing in each floor required post- 
tensioning 2 beams made up of precast 
segments. STRESSTEEL Bars, 2 @ 1%" @ 
and 3 @ 1%” ©@ furnished a force of 
575,000 Ibs. per beam. 


These bars were threaded through holes 
preformed in the interlocking precast 
segments by workmen operating from a 
scaffold suspended from the crane. 
STRESSTEEL Bars were simply and quickly 
tensioned with electrically operated hy- 
draulic jacks and then pressure grouted. 


You will achieve superior results at substantial savings with STRESSTEEL because it is. 
@ High strength alloy steel @ Low in labor cost 


@ Low in initial cost @ Easy to tension 


STRESSTEEL CORPORATION 


221 Conyngham Ave. . Wilkes-Barre, Pa. 


Sales Offices: Minneapolis and San Francisco 
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a Placing of Amdek hollow box girders by meons 
of Richmond Lifting Inserts with loads spread 
and equalized. 


Prestressed Concrete 


Versatility and Strength of Richmond Lifting, Anchoring 
and Fastening Inserts Assures Economy and Safety 


The ever increasing use of prestressed con- beams, girders, piles, etc. These inserts are 
crete has created a great need fora variety designed with ample strength and for 
of special inserts for lifting, anchoring and _ simple operation. Certified laboratory 
fastening to prestressed concrete. Rich- tests assure proper strength rating for 
mond has developed and tested acomplete efficient design and performance in pre- 
line of Lifting Inserts and Structural Con- stressed concrete at usable strength. 
crete Inserts for prestressed columns, 


Available in '/,” te 1'/," 
















diam. in strengths to = 
65,000 ibs. in 3,000 e 
psi concrete 
“KR LT2E 
New teh mond SCAB Lifting .\ LT4 
Structural Richmond Tyscru . 4 Strut 
Screw Anchor with 


Concrete Inserts 


a recent addition, these 
inserts are prefabricated 


Lifting Tyscru 
& Bolt Assembly Extended Coil A 


| 
j 
from a special design which Or | \ TL4F 
distributes the bolt stresses into e j \ 4 Strut 
the concrete for greater strength poe j i ) Tyloop 
than any previously known’ device. - Lifting Eye Bolt i } Flared 
a 


The Richmond Data Book on Lifting Inserts and the 
new Richmond Bulletin on Structural Concrete In- 


serts give complete eo about these and the 

many other Richmond Inserts specifically designed ry 

a safety and economy. Send a, them — and for CcMMONR ; 
e current Richmond Handbook describing the full 

line of more than 400 Richmond-engineered products § C R E W AN C H OR C 0. IN C. 

for the concrete construction industry. They are free 

for the asking. Write to: 





INSIST ON RICHMOND 


AND HE. SURE IT'S RICHMOND 





ASSOCIATE MEMBER 





Main Office: 816-838 LIBERTY AVENUE, BROOKLYN 68, N.Y. 
Plants & Sales Offices: Atlanta, Georgia; Fort Worth, Texas; St. Joseph, 
Missouri. In Canada: ACROW-RICHMOND LTD., Orangeville, Ontario. 
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FAST .- EFFICIENT. LOW COST 
SI N G LE ST a A N D @ Here is the best complete unit on 
the market. Handles practically 
] A C Ki NG U Nj i T all prestressing requirements. 


®@ Recommended by LEAP Associates 
F 0 og to their 54 LEAP Associate Producers. 


@ Send for descriptive folder 


PRESTRESSING =—-“™ re" 





The Prestressed Equipment Co. specializes 
in supplying items of outstanding value 
to the prestressing industry. 

We will be glad to assist you in selecting 


the most practical equipment to meet your 
requirements. 
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A superior finish on your 
ee .¢ products for less than 1/10c 
per square foot. 


ORDER A 5 GAL. PAIL 


You will be amazed at the 
results. 


PRESTRESSED 
EQUIPMENT 


COMPANY 


P. O. BOX 1264 
LAKELAND, FLORIDA 








TELEPHONE MUtual 6-7143 
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Economical Bridge Design 
Features Voided Deck Slabs and Piles 





Low-working 
concrete displaced with 


SONOCO 
SONOVOID), 


FIBRE TUBES 














Low-cost SoNovoip Fibre Tubes were 
used to form voids in the precast, pre- 
stressed concrete piles and deck unit 
slabs of the 947 foot bridge across 
Eureka Slough in California. 


e@ HARTSVILLE, S. C. 
@ LA PUENTE, CALIF. 
© FREMONT, CALIF. 
© MONTCLAIR, N. J. 
© AKRON, INDIANA 
© LONGVIEW, TEXAS 
e ATLANTA, GA. 

© BRANTFORD, ONT. 
e MEXICO, D.F. 4466 
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Eureka Slough Bridge, California. Designed by 
California Dept. of Highways. Ben C. Gerwick, 
Inc., San Francisco, Cal., Contractor 


The 139 piles, each 20” square and 
varying in length from 45 to 105 feet, 
were voided with 12” O.D. SoNovoiD 
Fibre Tubes and contained eighteen 
3/8” 7-strand pretensioning cables. 


Each of the 252 deck units, size 30’x 
4’x15”’, contained three 8” O.D. Sono- 
voip Fibre Tubes and 35 pretensioning 
cables. 


To reduce weight and save materials 
and labor . . . use SoNovomD Fibre 
Tubes to form voids in concrete con- 
struction. Sizes from 2.25” to 36.9” 
O.D. in standard 18’ lengths or as re- 
quired. End closures available. 


See our catalog in Sweet's 
For complete information and prices, write 


SONOCC 
Construction Products 


SONOCO PRODUCTS COMPANY 
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The number one choice 
for the pre-stressed 
industry! 


THE SMITH TURBINE TYPE MIXER 


The Smith Turbine Mixer—proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer 
that can be easily installed in your batching operation. 





If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 


Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What's more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine 





Investigate the Smith Turbine. Write or call — we'll gladly ‘ 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. 


Making dollars and sense in over 100 successful installations! 


——— a 


Since 1900, the pioneer designer and foremost 
manufacturer of the world’s finest mixers 





THE T.L. SMITH COMPANY 


Milwaukee 1, Wisconsin « Lufkin, Texas 


Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 
A9-4073-A 
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QUALITY BRANDED, FULLY GUARANTEED 





PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 — 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do — Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 


PRESTRESSED CONCRETE MSTITUTE l \ 


Member of Prestressed Concrete Institute 
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Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-547 
and ASTM 305 


Send for this 
booklet today 


Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 














URT ORBAN 


COMPANY, INC. 


34 Exchange Place, Jersey City 2, New Jersey 


‘ 








ACLED 


New Pier 40, a massive concrete structure 
800 feet square, is taking form in New York 
harbor. When completed in 1960, it will re- 
place five older finger piers and will be one 
of the most efficient ship handling facilities 
in the country. 

Substructure of the pier consists of a pre- 
stressed concrete slab deck resting on poured- 
in-place concrete beams and caps, supported 
on steel H-piles. 

Six thousand prestressed slabs were used 
to form the deck. They measure 1 ft. thick, 
about 5 ft. wide and 20-25 ft. long. A large 
portion of this structural material was preten- 
sioned with Laclede 7-wire prestress strand. 

General contractor for all substructure work 
on the pier was Stock Construction Corpora- 
tion, under contract with the Department of 
Marine and Aviation, City of New York, whose 
engineers are Roberts and Schaefer Company. 


if-~J3 
LACLEDE 
eo 


DISTRICT OFFICES: Chicago, Illinois 


Dallas, Texas 





E 7-WIRE STRAND USED EXTENSIVELY IN 
PRESTRESSED CONCRETE SLABS FOR NEW YORK PIER 





LACLEDE STEEL COMPANY 


GENERAL OFFICES: Si. Louis, Missouri 











6 .& 64 ft 





Houston, Texas Moline, Illinois 


Kansas City, Missouri New Orleans, Louisiana 
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POZZOLITH . . . makes good concrete better 


Official U. 8. Navy Photegraph 


NAVAL AIR TEST FACILITY— Lakehurst Naval Air 
Station, N.J. Construction Agency: Bureau of 
Yards and Docks of the Navy Department. Con- 
structed under the direction of the District Public 
Works Officer, 4th Naval District, Philadelphia, Pa. 


¢ Consulting Engineer on Pavements: Louis Berger 
& Associates, Orange, New Jersey « Contractor: 
Roscoe Engineering Corporation & Associates, 
Washington, D.C. «+ Pavement Sub-Contractor: 
S. J. Groves & Sons Company, Woodbridge, N. J. 














900 psi flexural strengeth— 


POZZOLITH helps meet this requirement 


at The Naval Air Test Facility 


The Runway Arrested Landing Site of 
the Navy’s recently completed $23,000,000 
test facility required concrete of unusually 
high quality. 

To withstand anticipated stress of jet 
planes simulating aircraft carrier land- 
ings, reinforced concrete having a flexural 
strength of 900 psi was specified. 

Preliminary mix designs—with cement 
factors ranging up to 8)% sacks per cubic 
yard and with the water-cement ratio of 
4.0 gallons per sack—did not provide a 
workable mix with the required high 
flexural strength. 

The following mix was then employed: 
Cement, Type 1—729 lbs. — (7% sks.) 
Sand (SSD)—1,000 Ibs. 

C. A.—Trap Rock— 
(Houdaille, Ind., Bound Brook, N.J.) 
34”—895 lbs. 144"”—1342 lbs. 
Water (total) — 28 gal. (3.62 gal./sk.) 
PozzoLiTH 


MASTER BU 
POZzZ0 


This mix was workable and developed 
a flexural strength of 951 psi in 7 days 
and 1114 psi in 28 days. Compressive 
strength averaged 8537 in 28 days. 

Because of these high strengths the 
water-cement ratio was later increased to 
3.75 and the cement factor reduced to 
6 bags. Flexural strength of the revised 
PozzOLITH mix averaged 981 psi in 28 
days. 

For further details on the performance 


of PozzoLiTH on this and other airfield 
projects write to— 


The Master Builders Company, Cleveland 3, Ohio 
Division of American-Marietta Company 
The Master Builders Co., Ltd., Toronto 15, Ont. 
International Department, New York 17, N.Y. 

Branch Offices in all principal cities. 


BERS. 


* 





*“POZZOLITH is a registered trademark of The Master Builders Company for its concrete admixture 


to reduce water and control entrainment of air and rate of hardening. 





Box beam manufacturer likes uniformity 
of Bethlehem Stress-Relieved Strand 


This on-the-job photograph, taken at Eastern Pre-stressed Concrete Corp., 
Line Lexington, Pa., shows the arrangement of Bethlehem Stress-Relieved 
Strand in box beams. The beams were 68 ft long, 48 in. wide, and 33 in. deep. 
The initial stress induced was 14,500 lb per strand, using a 47-strand pattern 
with %%-in. strand. 

The plant superintendent, well satisfied with Bethlehem Stress-Relieved 
Strand, stated: “It meets our needs in every way.” 

Bethlehem Stress-Relieved strand exhibits excellent uniformity of mechani- 
cal properties, fulfilling every requirement of ASTM Specification A416-57T. 
For full details, get in touch with the nearest Bethlehem sales office. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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FOR POST TENSIONING . . . Specify 
BO wl eC 


CASING 
























DUOFLEX casing is preferred by 
CABLE leading manufacturers of tension- 
ing elements for encasing post 
tensioning bars, strand or cabl 
Field tested throughout the world 
by prestressing contractors, DUO 
FLEX offers economy in first cos 
and in trouble-free handling 
the job. 


ROD DUOFLEX casing is rugged; r 
sists crushing, and its specialh 
designed contour creates a lasti 

mechanical bond with the concret: 
For best results in post-tensioning 
get the patented DUOFLEX cas 
ing, and keep your bids low. Writ 
for specifications and price list. 


Patent No. 


2,832,375 








STRAND 


FLEXICO 
>» PRODUCTS, 
INC. 


Flexible Metal Hose and Tubing 
tor Industry 


Phone LIBERTY 8-5100 
P. O. Box 484 
METUCHEN, NEW JERSEY 
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ly on CF eI for fast delivery... 


Prestressed Concrete Strand and Wire 


The Image of CFalI—a giant steelman—reflects 
CFal’s ability to provide top-quality Pre- 
stressed Concrete Strand and Wire when and 
where you want it. CFal’s chain of sales offices 
across the country assures you prompt, de- 
pendable service. 


CFal Prestressed Concrete Strand —Ideal for 
pretensioning of concrete structures. This 
7-wire strand is stress relieved after stranding 
to improve its elastic properties and assure its 
high tensile strength. Made in accordance with 
ASTM A-416. 


CFal Stress Relieved Prestressed Concrete 
Wire—Made specially for post-tensioning con- 
crete structures. This quality wire has out- 
standing elastic and uniform mechanical prop- 
erties. Easy to work with, this wire will lie 


flat and straight when uncoiled. It is ideal for 
Button and Wedge type Anchorage methods 
of post-tensioning. Made in accordance with 
ASTM A-421. 


Other CFal Products for the Prestressed Con- 
crete Industry —Clinton Welded Wire Fabric 
ASTM A-185 ¢ CFalI Concrete Reinforcing 
Bars and Rods ASTM A-15 *« CFal Wire for 
Concrete Reinforcement ASTM A-82 « CFal 
Hard Drawn High Tensile Wire for Pre- 
stressed Concrete Pressure Pipe and Circular 
Prestressing to ASTM A-227 + CFal Hard 
Drawn Prestressed Concrete Wire for Re- 
drawing * Cal-Tie Wire *» Wickwire Rope and 
Slings. 


For fast delivery and price information, call 
your nearby CFal sales office. 


FREE! Send for new 32-page catalog, “CF&I Steel Products for the Construction Industry”. 


PRESTRESSED CONCRETE STRAND AND WIRE 
THE COLORADO FUEL AND IRON CORPORATION 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque © Amarillo 
Billings * Boise * Butte © Denver @ El Paso * Farmington (N.M.) © Ft. Worth © Houston 
Kansas City * Lincoln © Los Angeles * Oakland * Oklahoma City * Phoenix ¢ Portland 
Pueblo ¢ Salt Lake City © San Francisco * San Leandro * Seattle * Spokane ©* Wichita 
in the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta * Boston * Buffalo * Chicago 
Detroit * New Orleans * New York * Philadelphia 
CF&I OFFICE IN CANADA: Montreal * CANADIAN REPRESENTATIVES AT: Calgary * Edmonton 
Vancouver * Winnipeg 
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EVEN USE AS A CAR SHAKER 


ie + 2 oe \j 
A size for any bin 
Outside operation, all year ‘round 


@ 6 months guarantee 


Topdog electric vibrators meet the needs of the Ready-Mix 
industry. They can be set-up to operate on most any type 
of current. Write for full details and literature. 


VIBRO-PLUS 


PRODUCTS, INC. 
STANHOPE, NEW JERSEY 
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New Heights for °/ Concrete 





e Architects: Bindon & Wright, Seattle « Consultants: Anderson, Birkeland 
& Anderson; Skidmore, Owings & Merrill; T. Y. Lin « General Contractor: 
Howard S. Wright Const. Co., Seattle « P'S Beams: Concrete Technology 
Corp., Tacoma « Ready-Mix Concrete: Pioneer Sand & Gravel Co., Seattle 


@ Prestressed concrete has attained 
new heights in Seattle’s 21-story 
Norton Building, first U.S. structure 
over six floors to utilize P/S. The 
unique design uses 238 P/S beams in 
combination with a steel perimeter 
frame to support column-free floors 
in the 17-story tower. Each 15-ton 
beam spans 70’, is only 37” deep. 


Dependable, uniform ‘Incor’® was 
used in 8-sack, low-slump, 9,000-psi 
concrete, enabling Concrete Tech- 





AMERICA’S 
FIRST 
HIGH EARLY 
STRENGTH 
CEMENT 








nology Corp. to cast in mid-afternoon 
and strip next dawn with 6,000 psi 
strength. Casting was complicated 
by 15 utility apertures in the web. 
Beams were both pre-tensioned (12 
strands along lower flange ) and post- 
tensioned (two drape tendons). De- 
signed for 30-ton loading, beams 
tested to 135 tons with only 9”’ de- 
flection. Haydite concrete was used 
in floors and interior walls, combin- 
ing with the P/S beams to cut the 
building’s deadload 20%. 


LONE STAR CEMENT 


CORPORATION 


100 Park Avenue, New York 17, N.Y. 


One of the world’s leading cement producers. 


Offices in 17 major cities. 
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The JOURNAL is published quarterly by 
the PRESTRESSED CONCRETE INSTITUTE, 
INC., 205 W. Wacker Drive, Chicago 6, 
IIlinois. All correspondence relating to 
advertising, subscriptions or editorial mat- 
ter should be addressed to this office. 
DISTRIBUTION: Available without cost to 
all members of the Prestressed Concrete 
Institute. SUBSCRIPTION PRICES: $6.00 
per year for four issues. SINGLE COPY 
PRICE: $2.00. For subscription and single 
copies outside the continental United 
States add 20% to cover handling and 
postage. Editorial contributions to the 
JOURNAL are welcomed but publication 
cannot be guaranteed. All manuscripts 
should be submitted in duplicate and will 
be reviewed by the Editor. No payment 
is offered. Advertisements of products 
services and materials allied to prestressed 
concrete ape“Solicited. Inquiries concerning 
agate reatronere and rates should 
be«“addressed to the Publication Office. 
Copyright by the PRESTRESSED CONCRETE 
INSTITUTE, INC., 1959. c 
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GUEST EDITORIAL 





WB Conceived a generation ago in the minds of a 
tew inspired scientists of western Europe, the tech- 
nology of prestressed concrete is emerging as a mass 
production industry, especially in countries like the 
United States and Russia, where mass productivity 
is a purposeful national necessity. 


Prestressed concrete offers potentially the most 
efficient use of major structural materials which 
science has evolved. Happily, functional efficiency 
tends to carry its own visual attractions. Prestressed 
concrete, when well designed and carefully produced, 
therefore naturally embodies the two principal qual- 
ities, efficient use of materials, and aesthetic appeal, 
which have characterized all great architecture since 
the building of the Hellenic temples of 2500 years 
ago. 


The full realization of these natural potentials 
will result, however, only from the continuous and 
cordial cooperation of all interested parties. The 
research and development laboratories of the ma- 
terials and construction industries must aggressively 
improve the properties and extend the available 
knowledge of structural materials; design engineers 
must make bold and informed use of this advancing 
knowledge of materials capabilities; architects must 
conceive structural concrete in new terms of lightness 
and grace instead of massiveness and stolidity. And, 
finally, producers of this new, light, and graceful 
concrete — the precasting and prestressing indus- 
tries — must be adventuresome in pioneering closely 
controlled low cost production methods. 


All these groups are succeeding in their tasks in 
more than an ordinary manner. But the challenge 
is the extraordinary one of launching a new age 
in the history of architecture and construction. 


The Research and Development Laboratories of 
the Portland Cement Association stand ready, able 
and eager to play their part in this cooperative evolu- 
tionary wave of architectural and structural future. 
To the members of the Prestressed Concrete Institute 
and others we send our best wishes for continued 
success and cordial assurances of our determination 
to help in every possible way. 
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EDITORIAL 


COMMENTS 





It affords me personal pleasure to pre- 
sent our guest editorial by Dr. A. Allan 
Bates. Vice President for Research and 
Development, Portland Cement Association. 
For he spotlights two themes, not fully 
recognized by prestressors — _ first, the 
requirement that modern concrete meet es- 
thetic demands as well as the older utilitar- 
ian demand; and, second, the necessity for 
close cooperation of many groups in the 
development of the great possibilities for 
prestressed concrete. In this connection, we 
hasten to proclaim at once the splendid 
cooperation and assistance given PCI by 
PCA — no one has manifested more zeal. 
We also acknowledge most happily, close 
cooperation being obtained with other or- 
ganizations, among them the American Con- 
crete Institute and the American Society of 
Civil Engineers — the latter scheduling a 
joint meeting with PCI for next spring. PCI 
is closing ranks with progressive groups 
everywhere and we are definitely on the 
march together. As to the requirement ex- 
pounded by Dr. Bates that prestressed con- 
crete meet esthetic demands. I cannot 
emphasize any too strongly the wisdom, the 
potentials for progress in that advice. 


° ° o 


Henning Collborg, who came from 
Sweden to address our recent Convention 
at Miami Beach, speaks to us here on 
prestressed concrete buildings of from one 
to fourteen stories. He is one of the earliest 
pioneers of that new material in Europe. 
His company holds an Active Membership 
in PCI which makes us doubly proud of 
his accomplishments, his long distance in- 
terest and participation. 
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Try fitting a deflected strand pattern to 
a parabolic loading diagram, using mathe- 
matics only as a tool. Distress may some- 
times follow. You will find here a graphic 
design method by William Wendland which 
determines the critical design point with 
simplicity and clarity. Graphs can be sim- 
ilarly constructed for any standard deflected 
strand product. 


A unique feature in the article on the 
Panama City Bridge is that it marks 
the first time the Florida State Road 
Department has employed hollow precast 
prestressed concrete cylinders for the sub- 
structure of a bridge. Moreover, prestress 
won out as an alternate design. 


December, 1959 


Read once again the second paragraph 
in Dr. Bates’ editorial before indulging 
your pleasure in the space frames at the 
Gatwick Airport. There was no collusion 
between him and the airport’s architect for 
attaining efficient use of materials and es- 
thetic appeal. High level thinking and 
talents usually converge on pinnacles of 
art and science though separated literally 
by oceans as in this case. And new poten- 
tials bringing new markets to prestressing 
will appear with every step upward by the 
industry where their cold assembly line 
earth products are raised to architectural 
inspiring realms. 


We present with special pride three or- 
iginal papers from three different univer- 
sities which should serve together as a 
ready-reference library of important data 
previously unavailable: 


Dr. Ozell, University of Florida, teaches 
us “experimentally and analytically” the 
effects of shrinkage and creep in composite 
construction. The great Bill Dean’s hand is 
visible in support of this project since it 
was sponsored by the Florida State Road 
Department. 


Dr. H. Brettle, University of New South 
Wales, presents a new deflection theory 
developed from good correlation between 
the theoretical and observed deflection 
curves of all beams tested. An extension 
of his paper “A Theory to Predict the 
Neutral Surface Position in Rectangular 
Prestressed Concrete Beams as Cracking 
Develops” was published in the Proceed- 
ings of the Second National Prestressed 
Concrete Conference held at Wellington, 
New Zealand, in 1958. 


Everyone should commit some time to 
study of the Durability Tests by Stanley 
Lee Rieb, Kansas State University. Manu- 
facturing of prestressed concrete has brought 
about the integration of processing and 
combining of concrete and steel into a 
single product of much greater strength 
within less space than ever attained before 
in masonry. That is why the Institute as- 
sumed its personal responsibility to pursue 
these tests. This article serves effectively 
towards evaluation of the new product. 
Excellent and valuable conclusions resulted. 


MARTIN P. KORN. 
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SYNOPSIS 


The development of factory-produced pre- 
stressed concrete in Sweden is outlined, and 
five typical buildings are described: (1) a street- 
car garage, (2) a single story industrial building, 
(3) a three-story department store, (4) a five-story 
industrial building, and (5) a fourteen-story office 
building. Details of connections, between precast 
members are emphasized, and adaptation for 
factory production is discussed. 
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DEVELOPMENT OF PRODUCTION 


I would first like to review briefly how 
factory-produced prestressed concrete made 
its way into Swedish construction. During 
our first period of production in the early 
1940’s we had as our goal the introduction 
of the new material as roof beams for in- 
dustrial buildings, for which the most direct 
technical and economical benefits were 
expected. Of course, there was a_ great 
deal of traditional thinking to overcome. 
Several years passed before we came to 
a fairly smooth-running production and be- 
fore a good production standard had crystal- 
lized. The introduction of the prestressing 
techniques into the building market coin- 
cided with and satisfied the demands for 
larger spans and flexibility in planning as- 
sociated with the industrial renewal in 
Sweden during and after the last world 
war. 

The next phase of development came 
when we began to prefabricate for erection 
columns and primary beams also. It was 
soon found that there was an additional 
economic advantage in avoiding all regular 
site-concreting above ground level. Thus, 
our competitive power was increased through 
this growing development toward a wholly 
prefabricated structure. 

Another stage of great importance oc- 
curred when we began to erect the members 
produced at our factory. Apart from other 
advantages, this was a step of progress 
because we became able to more systemat- 
ically learn the faults and merits of many 
details and to improve them. 

Having come to the stage of delivering 
whole frameworks for one-story buildings, 
it was tempting to go further with multi- 
story buildings. The first trials were again 
made with industrial buildings. Today, how- 
ever, we have also started with structural 
frames for other multi-story buildings, such 
as office buildings and warehouses. How- 
ever you must bear in mind that when we 
speak of multi-story buildings in Scandinavia, 
it is not the very high buildings of the United 
States, but buildings in the range of three 
to twenty-five stories. 

Before leaving the history I must add 
that our developments of bridge construc- 
tion have progressed more slowly. It is 
only in the recent years that large bridges 
have been taken into consideration. 
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FIVE TYPICAL BUILDINGS 


Streetcar Garage 

The first building I have selected to 
discuss is a garage for streetcars, (Fig. 1). 
It is a simple building with limited de- 
mands for daylight and spans. It is a typical 
example of warehouses, garages, and less 
complicated workshops. The building area 
is 143,000 sq. ft. (Fig. 2). The spans are 
in one direction 25 ft. and in the other 45 
ft. The structural frame is wholly pre- 
stressed; the roof slabs as well as the wall 
panels are made of cellular concrete, con- 
ventionally reinforced. There are three 
transverse expansion joints. 

I would like to now discuss the design 
of the details at various connections, shown 
at A, B, C, D, E, and F in Fig. 2. At the 
gable columns, see Fig. 3, the primary 
beams are placed on a steel plate to which 
the beams are connected by a vertical bolt. 
The hole for the bolt in the beam is of 
rectangular section and is spacious to ac- 
commodate deviations on beam length. The 
hole is, of course, filled with cement mor- 
tar after erection which is also the case for 
all recesses in the following connections. 

At the internal columns, (See Fig. 4) the 
primary beams are guided laterally by spe- 
cially designed “beam-guides” of steel plate 
anchored to the top of the columns. In 
order to improve stiffness, the steel plate 
is bent at the edges. When the beams are 
in place, the two sides are pulled together 
by a bolt. The beams are connected to 
each other by one or two left- and right- 
handed threaded screws which are dropped 
into specially designed hardware cast into 
the beam ends. Since some purlins are also 
coming in just over the column, the pri- 
mary beams are cut off sloping to ensure 
a better support. 

If we now consider the purlins, we find 
that they are placed fundamentally in the 
same way (Fig. 5). The columns of the side 
walls have similar steel plate “beam-guides” 
in the top. The beam is anchored here by 
a horizontal bolt going through the beam 
and the sides of the guide. Lowest in the 
picture we can see the design at an expan- 
sion joint. The support and anchoring of 
secondary beams or purlins, (Fig. 6), on 
the primary beams, are principally the same 
as for primary beams at columns. 
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Fig. 2 Plan and sections 


Fig. 1 Perspective of streetcar garage 
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Fig 3 - Connection of primary beams to gable 
columns. 















































Fig. 5 - Placing of the purlins on the columns 
of the side walls. 


We consider these U-shapes steel guides 
to be a pretty good solution. The beam 
connection is hidden, a satisfactory stability 
is obtained until the roofing is finished, no 
forming is required for the filling of cement 
mortar, and the entire joint appears clean 
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Fig 4 - Connection of the primary beams at the 


internal columns. 


and good looking. The guides cost a little 
extra, but they are facilitating the erection 
work and have proved themselves worth 
their price. 

The cellular concrete roof slabs have a 
20-in. width modulus. They are anchored 
to the purlins by means of thin steel rods 
protruding from the top purlin surface. The 
rods are bent over short bars placed in 
the grooves between the slabs. The grooves 
are filled with mortar before the asphalt 
roofing paper is laid. 

Columns are commonly fixed at the foun- 
dation (Fig. 7). The concreting is done by 
the building contractor. At the base of 
the columns there is a type of adjusting 
screw to be adjusted after the bottom of 
the foundation pit is leveled. A pressure 
distributing plate is inserted in the pit 
meeting the screw. 

The wall panels are clamped to the col- 
umns by a covering mullion of prestressed 
concrete. These mullions are held to the 
columns by bolts screwed from the inside, 
(see Fig. 7, section a-a). The blockout for 
the bolt is filled with grout. This wall con- 
struction is perhaps the cheapest form when 
heat insulation is demanded. If a hard wall 
surface is desired, some of the lower panels 
are replaced by insulated concrete panels. 
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Fig. 6 Support and anchoring of the purlins on the primary beams 
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Fig. 7 Fixing of columns to foundation. Section a-a: Connection of wall panels to columns 
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One-Story Industrial Building 


The next building to be described belongs 
to a mechanical industry where greater col- 
umn spacings and better daylight conditions 
are required, (Fig: 8). This building is fairly 
typical of today’s standard for larger fac- 
tory buildings in Sweden. The facades are 
here built up of red facade-brick with the 
inner side of yellow brick without plaster. 


The plan measures are 240 by 390 ft., 
and the spans are 40 and 80 ft. (Fig. 9). 
Columns are fixed to~the foundation and 
have internal downspouts for drainage 
water. The beams are 18 in. wide and 43 
in. high. They are I-shaped with solid 
end blocks. By means of a concrete topping 
they are made continuous for the live load. 
In this case there are two side-by-side to 
resist the heavy load from the roof and 
traveling cranes without becoming too deep. 
The space between beams is utilized for 
pipes and cables of various kinds. The roof 
is shaped as saw tooth. This type is com- 
monly used in Sweden to have a good dis- 
tribution of natural light. The roofing is 
again slabs of cellular light concrete. The 
secondary beams are designed as rigid 
frames. The slightly inclined part is bed- 
manufactured, while the almost vertical leg 
is conventionally reinforced. 


We shall look a little closer at a few 
connections, (Fig. 10). To obtain very low 
column heads these are strengthened by 
two short steel joist. As said before, con- 
tinuity is obtained by a concrete topping, 
in this case 4 in. thick. To avoid further 
complications in the joint above the col- 
umn, the secondary frames are placed off- 
set, (Fig. 11). The slightly inclined leg is 
made with a tap end fitting a hole in the 
beam web. The tap end has a steel rein- 
forcement to which a supporting plate is 
connected. Moreover, bars are protruding 
to give a tension connection to the pri- 
mary beams as the top concrete is placed 
down between the beams for a short length 
around the joint. The other leg is con- 
nected to the top flange by welding, or 
by bolts which tie together a steel plate 
in the leg and one cast into the top of the 
beam 


The two parts making the frame are 
joined to resist bending moments, (Fig. 12). 
Two pairs of high tensile steel rods are 
post-tensioned to 10 tons each. Before that, 
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the space between is filled with dry cement 
mortar. Smaller roof frames are built to- 
gether at the factory; larger ones on the 
building site before erection. 


It may be of interest to see how this 
same roof frame is attached when the pri- 
mary beam is a single one, (Fig. 13). The 
slightly inclined leg is then supported on 
a seat on the lower beam flange. The al- 
most vertical leg is fastened after that the 
other part is placed snug to the beam web. 
Tolerances thus are taken up in the sup- 
ports of the vertical leg. In order to have 
the beam insulated and to get a suitable 
shape of the frame valley to function as 
a gutter, a T-steel is placed horizontally 
between the frame and beam to carry the 
roof slabs. The T-steel also functions as a 
tension tie between the two concrete mem- 
bers 


An alternative H-shaped beam profile is 
often used for saw-tooth roofs, (Fig. 14). 
This profile is very practical. The roof 
channel is used as a platform when win- 
dow frames and roof slabs are erected. 
Roof slabs are, in this case, standing and 
supported directly against a window frame 
made of concrete. The H-beam has such a 
rigidity that no roof frame is needed. The 
roof channel is insulated with cork. The 
lower channel can be used as ducts for 
warm air heating, for pipes, conduits, and 
so on. It is covered with perforated alum- 
inum sheets. 


I shall complete discussion of this build- 
ing with two photos from the time of con- 
struction, (Figs. 15 and 16). The last photo 
shows the stage when the prestressed con- 
crete supplier is handing over the completed 
framework to the general contractor after 
a joint inspection. The time required for 
erection was six weeks for a 3-man crew 
plus a foreman. 


Three-Story Department Store 


In a new suburb of Stockholm, there is 
at present under construction a shopping 
center consisting of four buildings all de- 
signed as structural frames of prefabricated 
prestressed members. We shall consider one 
of them, (Fig. 17). 


The base of the building is 150 by 200 
ft., (Fig. 18). The spacing of the columns 
is 30 by 30 ft. The irregular shape of the 
building is, of course, not the very best 
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Fig. 8 View of one story industrial 


building 
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Fig. 9 Plan and section 























Fig. 10 Support of roof beams on 
internal columns. Continuity 





obtained by concrete topping 
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Fig. 11 Connection of the secondary 








frames to the roof beams 








Fig. 12 Joining of the two legs of 
the frame 





Fig. 13 Attach of the roof frame 
to a single primary beam 
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Fig. 14 H-shaped beam profile for saw-tooth roof 
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Fig. 15 View from the time of construction 


Fig. 16 The framework completed by the supplier 


December, 1959 


from the manufacturer’s point of view. In 
the middle of the building are the esca- 
lators and at the sides, elevators and stair- 
cases. No other moveable partition walls are 
shown. The columns, except some in the 
facade, are U-shaped with a groove for 
utility devices. In some of them there are 
drainage pipes, in others fresh water pipes, 
electrical cables, etc. Utility lines within 
the stories are placed between the floor 
slab and a suspended ceiling. The outer 
line marks a cantilever canopy going around 
the building. 

The sections in Fig. 19 show how the 
structural frame is made up of columns, 
rectangular beams and double T-slabs. The 
slabs as well as the beams have a situ-cast 
concrete topping functioning together with 
the prefabricated members as composite 
construction. Yet the slab is so calculated 
that, for changes of the building in the 
future, it will be possible to take away 
single slabs without losing too much load- 
carrying capacity. As shown in the sec- 
tion in Fig. 19, a walkway comes in at 
the second floor. The traffic goes under. 
The ground floor is used mostly as storage 
for the shops. The roof is also made as an 
ordinary floor slab, since it is foreseen that 
additional stories will be added in the fu- 
ture. The roof, therefore, is a light wood 
panel construction with sheet metal roofing. 

If we take away walls and slabs we will 
see the column and beam pattern better, 


(Fig. 20). A design was chosen with pri- 


mary beams in one direction only, thus 
making it possible to erect all members 
from the ground level. The mobile crane 
goes in one bay at a time, and places the 
slabs for all floors simultaneously. In this 
case the foundation did not permit the col- 
umns to take the wind moments during 
erection. Therefore, temporary cross _brac- 
ings were required during the erection. 
The frame connection is illustrated in 
Fig. 21. At the column bracket, the groove 
changes to a hole making it possible for 
the bracket reinforcement to extend through. 
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Fig. 17 General plan 
































Fig. 18 Plan of the building “C” 
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Fig. 19 Sections 


The floor beams are connected to the col- 
umns by vertical bolts. T-slabs have the 
slab coming down to the bottom of the 
stems at the ends. This has two effects 
one is that the concrete stress in the stems 
is lowered in order to resist the combined 
stress from pretensioning and from the neg- 
ative moment, the other is that all forming 
between the stems is avoided when the 
topping is cast. Furthermore, this design 
can resist heavier shear forces. This type 
of T-slab is only used where continuity 
will be established. In simply supported 
spans, we make them with a constant cross- 
section. The columns go through the con- 
nection, and the continuity reinforcement 
of the floor beams must, therefore, be 
placed inside the columns, which is easily 
possible due to the shape of the T-slabs. 

The support at a wall line is shown in 
Fig. 22. The steel framing carrying the 
cantilevered canopy is anchored in the 
floor slab topping, and is bolted below to 
a special spandrel beam. This structure can, 
without complications, be adopted for wall 
panels of concrete as well as other wall 
types, such as brick, cellular concrete, etc. 

At openings in the floor slab, edge beams 
are used, (Fig. 23). They are usually sup- 
ported by blockouts in the primary beams. 
In order to obtain a finer modulus than the 
T-slab width, half-slabs can also be de- 
livered. The standard width is 5 ft. Three 
stem-heights are manufactured, 12, 14 and 
16 in. 

Some photos with glimpses from various 
stages of the construction work are shown 
in Figs. 24a, b, c. 


Five-Story Industrial Building 

Another way of solving the connection 
between beams and columns, for which good 
ability to resist moment has been obtained is 
shown in Figs. 25, 26. The columns are 
cast in one piece, and are so reinforced 
and prestressed that they are capable of 
taking the wind loads during erection with- 
out temporary bracings. The floor beams 
are first freely supported, placed on the 
fork-shaped insert device cast into the col- 
umns. The stud bolt below is placed from 
the outside through the columns and _ is 
then bolted or welded to a pair of ears 
extending from the beam end. When the 
floor slabs are concreted over the prestressed 
planks, the space between beam and column 
is also concreted. A prestressing cable or 
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Fig. 20 Sections, columns and beam patterns 
























































Fig. 21 A frame connection 
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Fig. 22 The support at a wall 
line. Anchoring of the can- 
tilevered canopy 








bar is placed above each deck beam. It 
is tensioned after the top concrete has har- 
dened, and the stud bolt below is tightened. 
The structure is quite stable, the staircases 
and elevator shafts are not designed to sta- 
bilize the building. All members are placed 
from the ground level. After putting up the 
columns, the erection goes on, bay after 
bay. 

During construction the building appeared 
as seen in Fig. 27a, and completed as shown 
in Fig. 27b. Wall panels are built up of 
wood and rockwool with gypsum plates 
inside and-aluminum cover outside. 
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Fig. 23 Edge beams at floor 
opening 


Fourteen-Story Office Building 

Though this reader audience is accus- 
tomed to tall buildings, I would like to 
show the tallest prefabricated building hith- 
erto erected in Scandinavia and perhaps in 
Europe, (Fig. 28). It is a 14-story office 
building. The building is divided in four 
parts, erected as separate stages, and stacked 
on top of each other. The stability was at- 
tained by assistance of the two staircases 
and elevator shafts at the gable walls. The 
columns are spliced by means of a very 
well anchored steel collar at each end tied 
together with high tensile bolts, (Fig. 29). 
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For erection, the columns are balanced on 
, small steel plate in the center. In this 
way it is easy to plumb the columns exactly. 
Deviations in column length are taken up 
by varying the thickness of the little steel 
plate. After casting the floor-topping con- 
crete, the space between column _ plates 
is injected with cement grout in the same 
manner as prestressing cables. One pipe 
is for filling, the other for airing. The beams 
carrying the channel slabs are exposed in 
the final building. The ceiling is placed 
just below the slabs. The column brackets 
are therefore of structural steel, over-di- 
mensioned to increased fire resistance. The 
beams are notched for the supporting steel 
flanges and later plastered. Beams are fur- 
ther connected to each other by bolts as 
described previously. 

After erection of each part, the concrete 
topping of the floor slabs had to be placed 
before the next part could be erected. The 
column cross section was changed for the 
top two parts from 16 by 16 in. to 12 by 
12 in. The upper parts consist only of three 
and two stories due to the fact that the 
available crane limited the weights. 

The finished building is shown in Fig. 
30. The facade is made up of panels in 
white concrete. They were delivered by a 
Danish firm, while the company I represent 
manufactured and erected the structural 
frames. 

We may ask ourselves what obstacles there 
are to be met in going still further in 
height with factory-manufactured buildings 
of prestressed concrete. We think it is 
possible to build taller. Lateral stability 
will have to be provided by means of ele- 
vator shafts and stair-cases cast in situ and 
standing as poles in haystacks. Probably 
these shafts and staircases should be cast 
with slip forms, as a silo. The building 
can then be constructed around these cores. 
There is a limitation to be found in the 
column dimensions. They will be too wide 
and will take too much of the floor sur- 
face. A combination with steel columns 
may be possible, as it was done in Seattle’s 
“Northon” building. 


When good, economical solutions are 
found for really tall buildings, an enormous 
market for our line of industry will be 
opened up. I would like to vary Mr. Luck- 
man’s theme at the last meeting in Chicago 
and say “the future is in the sky.” 
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Fig. 24a Department store during construction 


Fig. 24b Floor Slabs before concrete topping is 
cast 


Fig. 24c Floor slabs from below 
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Fig. 25 Section of five-story in- 
dustrial building 


Fig. 26 Support and connection of 
the floor beams to columns 


Fig. 27a From the construction time 


Fig. 27b The building completed 
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Fig. 28 Section of 14-story office building 
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Fig. 29 Splicing of columns 
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ADAPTATION FOR FACTORY 


PRODUCTION Fig. 30 Finished building 


All prestressed members I have discussed ‘ 
here were pretensioned by the long-line 
method. Other companies in Sweden are : os 
using both pre-tensioning and post-tension- 2 
ing. In our company we have utilized the 


former from the very beginning. When ex- 
panding our production facilities we have 
carefully compared the economical charac- 
teristics of this principle with others, but 
we have not found cause to change. 

Our prestressing beds are from 100 to 
800 ft. long. The main production is done 
on 250 to 300 ft. beds. Perhaps these beds 
appear short to you, but we have experi- : iy 





enced that with regard to ranges for over- s Minne out 

head cranes, walking distances, etc., the hy: eit 

most favorable length is roughly 300 ft. as Milan aut 

an average for most products. Certain mem- relay, 

bers, such as T-slabs, are considered to +34 : wi FTE 

be produced a little better on beds of 400 ™ Hooley ‘ : 


ft. length. ee Be bbela yy 
We cure the concrete in air, by steam, 
| or in warm water. For air-curing, the beds 
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are wide to admit several castings side-by- 
side. All production is carried on indoors, 
and the costly bed area can, in our opinion, 
be utilized best if it is not divided up. 

All forms for standard profiles are made 
of steel. Non-standard products are cast in 
wood forms. Rectangular members are nor- 
mally cast in gang forms, using thinner 
steel forms for the interior walls. I-sections 
and other profiled members are made in 
a single row. Cross sections and beam rein- 
forcement are standardized, but the lengths 
are custom made. Forms are so made that 
they, to some extent, can be used for sev- 
eral profiles. 

The worst problem in adaptation for fab- 
rication is what we call the details, of which 
I have given several examples. We are 
utilizing several production principles. The 
inserts and the blockouts may be attached 
to the form, or sometimes to the reinforce- 
ment in combination with special stud bars 
to the form. Other details are positioned 
during concreting, or they are applied wholly 
or partially after the member has left the 
casting bed. 

Our design department utilizes standard 
solutions with typical drawings for all fre- 
quently encountered structures. However, 
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new cases often appear and development, 
revision, and improvement are continuous 
features of our design work. 

In general, I wish to emphasize at this 
point that it is extremely important for 
the inherent economy to find good solu- 
tiens, not only statically, but also from a 
manufacturing point of view. This does not 
always mean that a solution which is cheap- 
est in the production is finally the most 
economical. For example, an expensive in- 
sert can have a great influence on erection 
time or on the design of adjoining structural 
parts. A good example of this is the columns 
of the department store shown earlier. In 
that building, a lot of problems were in- 
tentionally concentrated in the columns to 
get the beams and slabs more “clean.” 

It happens sometimes that the consulting 
engineers must permit some changes in 
their designs in favor of production econ- 
omy. Frankly speaking, we nevertheless 
have learned that in most cases the views 
of the architect, engineer, and manufacturer 
can well be merged together if all parties 
concerned are willing to cooperate fully. 
The question is merely, here as in many 
other endeavors, that the architectural form 
must pay a little regard to building methods. 


PCI Journal! 











GRAPHIC METHODS 





FOR THE ° 
DESIGN °: 
* 
PRESTRESSED : 
CONCRETE 
DOUBLE TEE - 
PANELS - 


WILLIAM WENDLAND 
Superior Sand and Gravel 
Company 
Phoenix, Arizona 











3 PART I 
e INTRODUCTION 
co 


x HE design of pretensioned prestressed concrete mem- 
bers having deflected or harped strands present some 
problems to the designer in that fibre stresses caused by 
dead and supermposed loads, when plotted, are parabolic 
in shape whereas fibre stresses caused by prestress show 
as straight lines. This is more clearly shown in Figure 1. 

Let us consider for the time being only the bottom 
stress. Adequate design would be present when values 
for prestress, at any point on “L”, are equal to or 
greater than values for bottom fibre stress due to dead 
and superimposed loads. (Tension allowed in bottom 
fibre will be discussed in a later section.) It would be 
simple for the designer to assign values for prestress 
which he knew would exceed the values of Mc = I. 
However, this would generally be an uneconomical de- 
sign and would likely produce certain excessive concrete 
stresses. It is, therefore, desirable to find some point “X” 
where the value for prestress is equal to Mc ~ I, this 
being the point where the line is tangent to 
the curve, (Figure 1). There are too many unknown 
values for point “X” to be solved by means of 
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simultaneous equations. Thus a means of graphic analysis becomes both necessary and 
practical. For the designer to plot values graphically for prestress and Mec -: I each time 
he is confronted with a design would be a tedious job. When standard sections are being 
used time after time, graphs can be readily developed which can be used to produce rapid 
and reasonably accurate results. 

The accompanying set of curves was developed for bottom fiber stresses in a double tee 
panel of the cross section shown in Figure 2. Only simple spans have been considered. 
Top fibre stresses for this section seldom present much of a problem and therefore curves 
for top fibre stress have not been included. Designers who are not familiar with this section 
should use caution however. 

The section properties shown in Table 1 have been computed many times by many engineers. 
Therefore, the calculations determining these properties are not included as a part of this 
discussion. It should be pointed out, however, that for convenience the values shown in 
subsequent calculations are for one stem only or one-half of the double tee. (See Appendix A) 
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Part II 
BASIS AND DEVELOPMENT OF GRAPHS 


SYMBOLS 


Symbols used in this report are those in general use by designers in this area. They are 
noted below for convenience in following the remainder of the discussion. 


f,, = bottom fibre stress (concrete) 

f, = top fibre stress (concrete) 

f’., = compressive strength of concrete at time of transfer of prestress 
f’, = compressive strength of concrete at 28 days 


a = ultimate strength of prestressing steel 
P, = initial prestressing force before losses 
P, = prestressing force immediately after transfer 


P = prestressing force after all losses 

eccentricity of prestressing force at mid-span 
eccentricity of prestressing force at end of span 
A = area of concrete section 


| | 


- 


S. = section modulus about top fibre (without topping) 

S,, = section modulus about bottom fibre (without topping) 
S,.. = section modulus about top fibre (composite section) 
S,. == section modulus about bottom fibre (composite section) 
w = uniform load per unit of length 

DL = dead load 

SL = superimposed load 

TL = total load 

My; = moment due to dead load 

Ms, = moment due to superimposed load 

M.y;, = moment due to total load 

CRITERIA 


Allowable steel and concrete stresses used are those shown in Section 207.1. of 
“Tentative Recommendations for Prestressed Concrete,” ACI-ASCE Joint Committee 323. 
Compressive strength of concrete at 28 days has been taken as 5500 p. s. i. 


GRAPH “A” 


The lines on this graph represent the bottom fibre stress, at mid-span due to dead load 
of the Double Tee panel plus superimposed load, at various spans. The function of the 


Mr, (DL + SL)L? 
lines is linear, being f,, — = 


S, 8S), 





Two fibre stresses were calculated for each span shown and these points connected by 
a straight line. For the roof panels, the superimposed loads, used to calculate the two points, 
were 30 p. s. f. and 50 p. s. f. For the floor panels, the superimposed loads were 40 p. s. f. 
and 120 p. s. f. 

Table 2 and Table 3 show the tabulation of the calculations for determining bottom fibre 
stress due to dead and superimposed loads. 


GRAPH “B” 


For uniform dead and superimposed loads, moment diagrams and corresponding flexural 
stress diagrams are parabolic in shape. Thus Graph “B” was plotted for a series of bottom 
fibre stresses (due to DL + SL) using 200 p. s. i. increments of fibre stress at mid-span. 
Table 4 (see Appendix A) shows the tabulation of the calculations used to develop the curves 
on this graph. Once plotted, a set of curves such as these can be used for any shape or 
section. 
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GRAPH “C” 
This graph gives the bottom fibre stress due to the prestress caused by various numbers 
and sizes of strand at various eccentricities. The function of these lines in linear and so 
two points were determined, for each combination of strands, and these points then con- 
nected by a straight line. A third point served as a check in the accuracy of calculating and 
y P 

plotting the points, this point being where — + — 0. All lines converge at this point. 
A S, 

Table 5 shows the tabulation of the calculations for determining the above described points. 

The dashed horizontal lines on Graph “C” give the required release strength at ends 


of the panels. These lines were determined from the formula f, = .60 f,,, where f, 

Fr. r 

— + — In determining P,, it was assumed that one-third of all losses occur immediately upon 
A S, 

transfer of prestress. For example, for one 7/16 inch strand P, = 18,900-1/3 (18,900-15,120) or 


P, = 1.166 P. Table 6 (see Appendix A) gives the calculations for determining this function. 

It should be noted that the zero ordinate for Graph “C” is located above the zero ordinat 
for Graph “B” in the amount of 445 p. s. i. The design f’, for the Double Tee panels being 
5500 p. s. i., the allowable tension in the bottom fibre under full dead and live loading is 


f, = 6Vf.. or 445 p. s. i. 


GRAPH “D” 








Upon transfer of prestress, the Double Tee panels camber upward and 
become simply supported at the ends. Thus the bottom fibre stress at center of span becomes, 
r,. P.e Ms, -: Pie 
f, =—+—— . As the span increases and the value of — + remains constant, 
A Sy S, A Sy 


f,, diminishes. Graph “D” was developed using these conditions, the allowable f, again con- 
sidered to be 0.60 f’,,. This function is also linear and so two points were determined and then 
connected by a straight line. The tabulation of the calculations is shown in Table 7. (See ap- 
pendix A.) 


PART Ill 


USE OF GRAPHS 
GENERAL 


This series of graphs may be used to determine the required number and size of strand, 
their eccentricity at center and end of span, and the required concrete compressive strength 
at time of transfer of prestressing force, for a given span and a given superimposed load. (Se« 
typical example on graphs.) 

Also, given a certain number and size of strand and their eccentricity at center and 
end of span, the allowable superimposed load may be determined along with the required 
compressive strength of the concrete at time of transfer. 

Selections made from these graphs should be checked for required safety factor at 
ultimate strength. 


MAKING A LOADING TABLE 


A loading table can be derived by using the graphs also. This can be done by working 
“backwards” from a given f’,, (minimum allowable concrete strength at release). 

Starting in Graph “D” for a given span and a given f’,, (for example 4000 p.s.i.), the 
maximum amount of prestress can be determined which will not produce a bottom fibre 
stress (at center of span) in excess of 0.6 f’,,. This value is then transferred to Graph “C” 
Generally more than one strand pattern can be used; the magnitude of the eccentricity being 
the variable. 
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The next step is to choose the location of the strand at the end of the panel which will 
also produce a bottom fibre stress less than 0.6 f’,,. In this case, no advantage can be taken 
of the reduction in bottom fibre stress due to dead load. Thus the allowable 


Se Pe" 


f, = 06f, = — + — 
A S,, 


The location of strand at the end of the pancls is controlled by physical features of the 
casting bed. (Possible strand patterns are shown above the graphs.) 

Values of prestress for end and center of panel, determined by the above described 
methods, are then transferred to their proper positions in Graph “B” and connected by a 
straight line. This straight line thus becomes a “prestress line” and represents the prestress 
at any point in the length of the panel. A “load stress curve” can be chosen which will be tan- 
gent to this “prestress line”. It should be noted again that 445 p.s.i. tension has already been 
allowed in the plotting of Graphs “B” and “C”. Thus the “prestress line” is actually at a 
value of 445 p.s.i. below the “load stress curve”. The point where the line is tangent to the 
“curve” is the critical point in the design, being the point where final stress under design 
load reaches the maximum allowable tension. 

The ordinate of the “load stress curve” at the center of the span (0.5L) determined by 
the above method, is then transferred to Graph “A”. The point where the ordinate falls on the 
line representing bottom fibre stress for the span under consideration thus determines the 
maxium superimposed load that can be carried. 

All values obtained by the above method of graphic analysis of elastic design must be 
checked against values obtained by ultimate strength design for use in tables; the lesser 
value controlling. 
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APPENDIX “A” 


TABLE I 
SECTION PROPERTIES 








Area Weight, I, «AS | Sy, Ses 














TYPE in.” lb/ft? in.4 in. in. in.? in.® 
Roof Panel 180 46 2860 10.0 4.0 286 716 
Floor Panel 270 71 4277 11.5 4.5 372 959 
Note: Section properties for floor panels are based on a composite section with a two 


inch concrete topping having a 28-day compressive strength of 4000 p. s. i. A 
transformed section was used due to the difference in 28-day strengths of double 
tee panel and the two inch topping, following the “Tentative Recommendations” 
values for modulus of elasticity. 
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GRAPH “C” 


This graph gives the bottom fibre stress due to the prestress caused by various numbers 
and sizes of strand at various eccentricities. The function of these lines in linear and so 
two points were determined, for each combination of strands, and these points then con- 
nected by a straight line. A third point served as a check in the accuracy of calculating and 
P r. 

plotting the points, this point being where — + — = 0. All lines converge at this point. 
ee? 

Table 5 shows the tabulation of the calculations for determining the above described points. 

The dashed horizontal lines on Graph “C” give the required release strength at ends 
of the panels. These lines were determined from the formula f, = .60 f,,, where f, 

P P 


o oe 

— + — In determining P,,, it was assumed that one-third of all losses occur immediately upon 

ae: 

transfer of prestress. For example, for one 7/16 inch strand P, = 18,900-1/3 (18,900-15,120) or 

P, = 1.166 P. Table 6 (see Appendix A) gives the calculations for determining this function. 
It should be noted that the zero ordinate for Graph “C” is located above the zero ordinate 

for Graph “B” in the amount of 445 p. s. i. The design f’, for the Double Tee panels being 

5500 p. s. i., the allowable tension in the bottom fibre under full dead and live loading is 

f, = 6Vf’. or 445 p. s. i. 


GRAPH “D” 








Upon transfer of prestress, the Double Tee panels camber upward and 
become simply supported at the ends. Thus the bottom fibre stress at center of span becomes, 
Fr. P.e Ms, Fr. Pie 
f, =—+ -— . As the span increases and the value of — + ——— remains constant 
A S, S, A S,, 


f,, diminishes. Graph “D” was developed using these conditions, the allowable f,, again con- 
sidered to be 0.60 f’,,. This function is also linear and so two points were determined and then 


connected by a straight line. The tabulation of the calculations is shown in Table 7. (See ap- 
pendix A.) 


PART Ill 
USE OF GRAPHS 
GENERAL 

This series of graphs may be used to determine the required number and size of strand, 
their eccentricity at center and end of span, and the required concrete compressive strength 
at time of transfer of prestressing force, for a given span and a given superimposed load. (Se¢ 
typical example on graphs.) 

Also, given a certain number and size of strand and their eccentricity at center and 
end of span, the allowable superimposed load may be determined along with the required 
compressive strength of the concrete at time of transfer. 

Selections made from these graphs should be checked for required safety factor at 
ultimate strength. 


MAKING A LOADING TABLE 

A loading table can be derived by using the graphs also. This can be done by working 
“backwards” from a given f’,, (minimum allowable concrete strength at release). 

Starting in Graph “D” for a given span and a given f’,, (for example 4000 p.s.i.), the 
maximum amount of prestress can be determined which will not produce a bottom fibre 
stress (at center of span) in excess of 0.6 f’,,. This value is then transferred to Graph “C” 
Generally more than one strand pattern can be used; the magnitude of the eccentricity being 
the variable. 
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The next step is to choose the location of the strand at the end of the panel which will 
also produce a bottom fibre stress less than 0.6 f’,,. In this case, no advantage can be taken 
of the reduction in bottom. fibre stress due to dead load. Thus the allowable 





f, = 06f, = — + 


) 


The location of strand at the end of the pancls is controlled by physical features of the 
casting bed. (Possible strand patterns are shown above the graphs.) 

Values of prestress for end and center of panel, determined by the above described 
methods, are then transferred to their proper positions in Graph “B” and connected by a 
straight line. This straight line thus becomes a “prestress line” and represents the prestress 
at any point in the length of the panel. A “load stress curve” can be chosen which will be tan- 
gent to this “prestress line”. It should be noted again that 445 p.s.i. tension has already been 
allowed in the plotting of Graphs “B” and “C”. Thus the “prestress line” is actually at a 
value of 445 p.s.i. below the “load stress curve”. The point where the line is tangent to the 
“curve” is the critical point in the design, being the point where final stress under design 
load reaches the maximum allowable tension. 

The ordinate of the “load stress curve” at the center of the span (0.5L) determined by 
the above method, is then transferred to Graph “A”. The point where the ordinate falls on the 
line representing bottom fibre stress for the span under consideration thus determines the 
maxium superimposed load that can be carried. 

All values obtained by the above method of graphic analysis of elastic design must be 
checked against values obtained by ultimate strength design for use in tables; the lesser 
value controlling. 
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APPENDIX “A” 


TABLE I 
SECTION PROPERTIES 

















Area Weight, I, Y,, - - s.. 
TYPE in. lb/ft? —in.4 in. in. in.* in.* 
Roof Panel 180 46 2860 10.0 4.0 286 716 
Floor Panel 270 71 4277 11.5 4.5 372 959 
Note: Section properties for floor panels are based on a composite section with a two 


inch concrete topping having a 28-day compressive strength of 4000 p. s. i. A 
transformed section was used due to the difference in 28-day strengths of double 
tee panel and the two inch topping, following the “Tentative Recommendations” 
values for modulus of elasticity. 
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TABLE 2 
BOTTOM FIBRE STRESS DUE TO DEAD AND SUPERIMPOSED 
LOADS (ROOF PANELS) 
(1) (2) | (3) (4) |(5) 
L L? x 15 
Col. (2) x (SL + DL) 
143.2 SL=30 psf SL= 40 psf | SL= 50 psf, 

24 6,033,519 923 1164 

| ower pee oUF: 1076 ee) oe 

oe. ee 1235 SUN mmNE wees iat, 

— . |. see 1434 Racine Rar | Gare Se ‘ 

$2 -~—ti“‘(‘ iédl;*t*é#«WOA726~,9563 1630 Se) a eee g 
3 -—t~“(i‘Y”#*é‘(s;é‘aK WS 1841 2325 g 
' = .-.hC(C‘(<aY”*”*é«AR AO 2063 A i 2605 F 

38 ‘15,125,698 99 a a ee ao 5 

10 | «46,759,776 | 2547 | 93218 : 3 

a 8 .ti“‘(‘<];#*‘é‘MKK AAV ICSSSSC‘(‘#SSS@OSO i a nn 

14 20,279,329 | 3082 LO cees So 8 RE 

16 ee ae. a ne er ; 

48 | ee ae ll ey ee ae ; 

50 26.187,150 | 3980 a 5028 “ait ? 

52 en 98.324,021 | 4305 | 4872 : 

WRG WT aa ae es 

56 $2,849,160 | 4993 | 5650 

58 |  95.237,429 | 5356 6061 

60 | 987,709,405 | 5739 6486 2. ssiepees nae 

Sample Calculation: 

Assume Double Tee for 40 ft. span with 50 p. s. f. superimposed load. 

2 (50 + 46) 402 x 12 
M., s 
f,, — = = 218 
S 143.2 
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TABLE 3 


BOTTOM FIBRE STRESS DUE TO DEAD AND SUPERIMPOSED 
LOADS (FLOOR PANELS) 





(3) | (4) ‘os | (7) 


Ss ~— 


























(1) (2) 

Col.(2)x(DL) | Col.(2)x(SL) | Col. (3) + | Col.(2)x(SL) | Col. (3) + 
L | 15 TB, a. pane | fo re 

DL= 71 psf| SL= 40 psf SL= 120psf 
18 | 486 482 210 692 629 111] 
| ae | eee See, | 854 777 1372 
2 ie a ee ee “| 1033 940 1660 
| we: | a. tae. eee 1119 1976 
— | - | aos... ae eee 1313 2319 
— | to: |. se | 508 So 1523 2689 
30s |«1350—S | —s«1339 | 583 Ss 1922 | 1749 | 3088 
32 1536 1523 | 663 2186 1989 | 3512 
m. | VS e.. Seek 749 + #®#«=5| 2468 ~—*| «2246 3965 
— | oe. 1 ae | 839 2767 9518 | 4446 
38 ~=SCsé«<(|:«Ciéi«2ess~—S—é‘(|:SC2150 | 936 ~~ | 3086 — 2808 ~ | 4958 
40. | 2400 +'| 2380 | 1036 #  #«+| 3416 ° #©+| 3108” | 5488 





SAMPLE CALCULATION: 


Assume Double Tee for 30ft. span with 40 p. s. £. superimposed load. 





2(46+25)302 2(40)302 
————— x 12 a oe 
Mp. Myr, 8 8 
f,, = — + = + ——————_ = 1339 -} 583 = 1922 psi 
S, She 143.2 185.3 
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TABLE 5 








No. and Size 
of Strand 


1-7/16” 
2-7/16” 
3-7/ 16” 
4-7/16” 
5-7/16” 
6-7 / 16” 
1-3/8” 
2-3/8” 
3-3/8” 
6-3/8” 
1-3/8” & 1-7/16” 
2-3/8” & 1-7/16” 
3-3/8” & 1-7/16” 
1-3/8’ & 2-7/16” 
1-3/8” & 3-7/16” 


1-3/8” & 4-7/16”) 


P/A 


168 
336 
504 
672 
840 
1008 
124 
249 
373 
T47 
293 
417 
541 
460 
628 
796 








1689 
2534 
3379 
4223 
5078 

626 
1251 
1877 
3753 
1473 
2096 
2722 
2315 
3160 
4004 


45,360 
60,480 
75,600 
90,720 
11,200 
22,400 
33,600 
67,200 
26,360 
37,520 
48,720 
41,440 
56,560 
71,680 

















P/A+Pe/S,, 





1012 
2025 
3038 
4051 
5063 
6076 
750 
1500 
2250 
4500 
1766 
2513 
3263 
2775 
3788 
4800 














Sample Calculation: Using 4-7/16” Strand, e = 8”. 


P Pe 4x 15, 120 4x15, 120x8 





— + — = 0, cancelling, e 
ae § A 


Therefore, where e = — 1.591”, f,, = 0. 


TABLE 6 


= 672 + 3379 = 4051 p. s. i. 








’.. 3000 3200 | 3400 | 3600 | 3800 | 4000| 4200 | 4400 


| 4600 | 4800 | 5000 





| 
1544 | 1647 | 1750 | 1852 
1.166 | | 





1955 |2058 | 2161 | 2264 


| ose7 | 2470 | 2573 








, «tg (P Pe) 
—+— = 1.166— + — 
A S, (A S,) 
P Pe 0.60 f”., 

om + —— SS ene 

a eS 


f, = 0.60 Po 
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TABLE 7 











3000 f’., = 4000 | f., 4500 


, 
ci 


Cok. (8) + Col. (3) + | Col. (3) + 
0.827L2 0.515%, | 0.515, 





400 33 32.1 2836 | 3091 

484 400 23 2905 | 3160 

576 476 2466 2981 | 3236 
676 559 954! 3064 | 3319 
784 648 2638 3153 | 3408 
900 740 2 3245 | 3500 
1024 846 2836 3351 | 3608 
1156 956 2946 3461 | 3716 
1296 1070 3060 3575 3830 
1444 1193 3183 | 3698 3953 
1600 “3312 3827 4082" 
1764 1459 3449 3964 4219 
1936 1600 3590 4105 4360 
2116 1749 3739 4254 4509 
2304 1905 3895 4410 A665 
2500 2068 1058 4573 4828 
2704 2235 4225 4740 4995 
2916 2410 4915 5170 
3136 2593 5098 
3364 2780 | 5285 
3600 2975 5480 





1322 

















Assume total of 20% losses. 

Assume 1/3 of losses have occurred at transfer. 
18,900 — 15, 120 = 3780 

3780 = 3 1260 

18,900 — 1260 = 17640 

17,640 - 15,120 = 1.166 


(P Pe) Mor 
— + — 1.166 — —— 0.60 f”,, 
A S,,) S;, 


P Pe 0.60f" ., 92L-x 1.5 
— at — + — 
A S 1.166 143.2 x 1.166 





0.515 f, + 0.82712 


3000 x 0.515 1990 
4000 x 0.515 2505 
4500 x 0.515 2760 
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prestressed 
concrete 


saves 
$400,000 


on 
panama city 
bridge 


By ROBERT N. BRUCE, JR. 
Raymond International, Inc., New York, N. Y. 


j= RECENTLY COMPLETED new bridge 
spanning West St. Andrews Bay at Panama 
City, Florida, will replace the existing par- 
allel structure, the Hathaway Bridge. 

A unique feature of this new high level 
structure is that it marks the first time 
that the Florida State Road Department 
has employed the use of hollow precast 
prestressed concrete cylinders as the main 
component of the substructure of a bridge. 
Of the thirty-five bents making up the new 
substructure, thirty-three rest on prestressed 
cylinders and the remaining two rest on 
steel H-pile supported concrete piers which 
were constructed in open cofferdams. 

For the thirty-three prestressed concrete 
bents, alternate designs were prepared and 
bid completitively. One alternate consisted 
of driving 54” O.D. prestressed cylinders 
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into the Bay bottom, utilizing the cylinders 
as combination bearing piles and structural 
columns, and then in twelve bents con- 
structing small piers on top of the cylinders. 
The other alternate consisted of constructing 
piers in open cofferdams on steel H-pile 
foundations for twelve bents and the bal- 
ance on square prestressed concrete piles. 
Although all contractors bidding the project 
submitted their bids based on the prestressed 
cylinder alternate, it was estimated by the 
low bidder at the time of the bid letting 
that approximately $400,000 was saved by 
the elimination of the cofferdam pier con- 
struction. Other contractors estimated the 
saving as being in the range of $300,000 to 
$500,000. Considering the substructure con- 
tract price of $2,036,973, the economy, 
achieved represents a saving of approxi- 
mately 20% in the cost of the substruc- 
ture. 


Water depths range up to 35’ deep in 
the locality of the prestressed cylinder bents 
which necessitated the use of 54” O.D. 
piles having a 5’ wall thickness and a 
length varying from 80’ up to 104’. These 
large cylinders were manufactured near 
New Orleans and transported by barge 
nearly 300 miles to the job site. Placing 
of the cylinders was accomplished by jet- 
ting and driving with a large single acting 
steam hammer having a rated striking en- 
ergy of 48750 foot-pounds per blow. For 
absorbing this large dynamic force as well 
as design loads, the large cylinders had 
all the usual advantage of prestressed con- 
crete plus the added advantage of the large 
section modulus furnished by the cylindrical 


shape. 


Spans other than the main truss include 
reinforced concrete spans, prestressed con- 
crete spans, and four continuous unit welded 
steel plate girder structures. 


Channel clearance for the new bridge 

includes 50’ vertical clearance and 300/ 
horizontal clearance. The two channel piers 
were constructed with provisions for future 
modification which will permit construc- 
tion of a lift span. The bridge has two 26’ 
roadways divided by a 4’ median and has 
2’ safety curbs on each side. 
The new bridge was designed by the 
Florida State Road Department. The pre- 
stressed cylinders were furnished by Ray- 
mond International, Inc. 
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STRUCTURE OF 
AIRCRAFT SERVICE DEPOT 
AT GATWICK 
FOR TRANSAIR LTD. 





by 


Wilfred John Marshall Haines, A.M.I.C.E. 
Director, The London Ferro-Concrete Co. Ltd. 


and 


Alan James Harris, B.Sc.(Eng.), M.L.C.E. 
Partner, A. J. & J. D. Harris, Chartered Civil Engineers 


EDITOR’S NOTE: 


P.C.l. is grateful to the Institution of Civil Engineers, London, England, for its 
permission to reproduce this paper. If I were to resume my lecture series, I would use it 
to bring delight and inspiration to an audience. The paper would be presented as an 
architect-engineer tour de force comprising creativeness, concrete sculpture, psychology, 
philosophy — the dramatization of a union of the arts and sciences in building construction. 
Note the press story released by the Cement and Concrete Association: 


“The frames are a design triumph — the lace-like lattice of incredibly slender 
ribs and nodes is an inspiring example of the strength and elegance which can 
be achieved by a combination of precasting and prestressing.” 


Can one resist titillating to that melody? Modestly, they refrain from giving credit 
to themselves — the high-level architect-engineer minds merged into one. They exclaim 
poetically about the material. But, it is to the men — not to the material, that I would 
first direct your attention. 

Note the architect’s precise and logical selection of type of structure for appearance 
(his soul at work); concrete shells dismissed (because of cost), steel framing discarded 
in favor of concrete (to save maintenance, although costs were right), precast prestressed 
space frames finally selected (for advantages over reinforced concrete). 

Then sit back and watch the development of the design, unfold, veritably a gem of 
analvsis and synthesis, simply stated, clearly delineated, “why and how’ in its every phase. 

Readers inspired to use space frame design would not necessarily adopt the connection 
details or erection procedure employed on this project. They would naturally vary in 
different countries. In U. S. A., usual practice would dictate pretfabrication of completed 
units and less field work. But I cannot conceive of any one anywhere manifesting greater 
intellectualism. 

M.P.K. 
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SYNOPSIS 


First discussing the design peculiarities of prestressed concrete triangulated beams, 
the Paper then describes their embodiment in the space-frame secondary beams and the 
continuous main beams, of 105-ft and 140-ft spans respectively. 

In this structure, the layout integrates resistance to horizontal loads with resistance 
to vertical loads; erection methods were carefully worked out before detailed design was 
undertaken; very extensive use was made of precasting. 

The lessons learned during construction are detailed. 


INTRODUCTION 


Transair Ltd required a service depot and repair workshops for a variety of aircraft 
used in private charter. Service accommodation was required for different groups of 
plants such as three Dakotas and two Viscounts or three Viscounts and two Vikings. 

2. Careful arrangement allows five machines to be serviced in an area 280 ft X 110 ft. 
This is made possible by the use of hydraulic lifts to lower the undercarriages below the 
floor level, bringing the engines down to man height, thus avoiding the use of service 
docks and the consequent sterilizing of large areas of floor. 

3. The clear height under the roof was established at 30 ft. Sliding folding doors, 
clear of the centre columns, were incorporated, because they give the complete flexibility 
necessary with the close packing of aircraft. 

4. The construction employed was governed to a certain extent by the fact that this 
was to be the Company’s British Headquarters and, as such, a prestige building, hence, a 
simple shed or hangar was not considered suitable. Consideration was given by the 
architects, Messrs Clive Pascall & Peter Watson, to the following constructions:— 


(i) Pitched roof in steel and precast Economic but discarded because of appearance 
concrete 

(ii) Arched form in precast concrete Economic but discarded because of appearance 

(iii) Thin concrete shells of various Discarded because of cost 
outlines 

(iv) Steel lattice girders and secondary Economic but discarded in favor of concrete 
framing giving flat roof to save maintenance 

(v) Precast concrete triangulated beams First cost as steel and added advantage of 


reduced maintenance 


The building capacity was a marginal million cubic feet and concrete was favoured by the 
fire-prevention authorities. In consequence, scheme (v) was chosen. 


Peculiarities of Triangulated Prestressed Concrete Beams in General 


5. The choice of a triangulated beam rather than a solid-web beam is dictated by 
the same circumstances when the beam is of prestressed concrete as when it is of steel: 
i.e. large depth available and/or light loads. 

6. The advantages are also similar: depth can be increased and members lightened 
without the penalty of wasting material in a web which is unnecessarily strong; deflections 
can be reduced; erection may be simplified. (Prestressed concrete has an additional ad- 
vantage in that it is easier to take economic advantage of very-high-strength concrete, but 
this probably applies only to very large structures.) 

7. The design of intersections is clearly critical, and it is prudent to ensure that the 
concrete in intersections is always submitted to compressive forces in equilibrium. Minor 
binding reinforcement would then seem to be adequate. 

8. The question of secondary stresses requires discussion. The gravity of exaggerated 
secondary stresses in metal structures lies more in the dangers of shear failure in jointing 
devices and fatigue failure owing to repeated loading than in simple overstressing. With 
prestressed concrete, the situation seems slightly different:— 
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(a) Secondary stresses will exaggerate either the compressive or tensile stresses in 
the concrete; the tendons being generally axial, they will be little affected. 

(b) With increased compressive stresses, there will be increased local creep which 
will automatically relieve the stresses. It is-conceivable that the application of 
load may be so large and so sudden as to produce a local compression failure 
before non-elastic strain has occurred, but in a large structure this seems unlikely. 

(c) With increased tensile stresses, cracks open, and a semi-articulation is automatically 
created. 

(d) A concrete hinge is much more easily constituted than a metal hinge; the fitting of 
virtual pin joints at the end of each member is conceivable. 


9. The problem of buckling is particularly pertinent to triangulated structures, since 
ignorance of the real resistance to buckling can lead to an exaggeration of the size of 
compression members, which may lose much advantage in dead weight. 


10. The essence of the problem is the choice of a value of the modulus of elasticity. 
Now with permanent loads, it is known that this modulus can reach much smaller values 
than with transient loads, but when a transient load is superimposed on a permanent load 
which has been acting for, say, a period of years, it is impossible at the moment to predict 
the behaviour. Caution is therefore obligatory. 

11. It is worth noting that such structures erected in Russia and Eastern Europe 
incorporate compression members of extreme slenderness, e.g. 1/b of 40 to 50. The use 
of such slenderness ratios seems common and it must be assumed that they are found 
satisfactory. 


Bases of Design 
12. The following values were used for design:— 


Loads 
15 Ib/sq. ft. plus wind-load exposure C (p 12 lb/sq. ft.). 
Hoist applying 2-ton load on bottom of secondaries. 


Working stresses 

(a) Concrete: 6,000 Ib/sq. in. minimum strength at 28 days. 
Maximum bending compression 2,000 Ib/sq. 
Maximum direct compression 1,500 “ 
Maximum prestress compression 2,000 xs 
Maximum tension zero. 
Increase of 33 1/3% under wind load on all concrete stresses. 

(b) Steel in tendons: 95-105 tons/sq. in. ultimate tensile strength. 
Maximum tension after relaxation 60 tons/sq. in. 


Load factor: 1.5 times dead plus 2.5 times live load, or twice design load, whichever 
is the greater. 
Layout of Structure 


13. The roof was supported on three main columns in the front and columns at 20-ft 
centres around the sides and back (Figs la and 2). These latter were completely independent 
of the columns supporting the annexes to permit free thermal movement of the roof. The 
combination of main beam, triangulation in the plane of the roof, and transverse members 
gave the roof structure adequate stiffness and strength to carry wind loads back to the 
three front columns and a braced panel in the back wall. The centre column was made 
rigid in all directions, the wing columns were made rigid in the short-span direction and 
flexible in the other, and the braced panel was made rigid in the long-span direction and 
flexible in the other; all other columns were adequately flexible in all directions. The 
structure was thus stable under wind forces and yet able to expand and contract freely. 

14. The three main columns were cast in situ and prestressed; all the secondary 
columns were precast and reinforced. The heads of the side columns were attached to 
the beam ends by flexible ties permitting vertical movement of the beams; these side 
columns were thus vertical beams rather than compression members. 


48 PCI Journal 





aanyonags 4O ynoAe] esque = “e 




















December, 1959 








Fig. 2. General view of structure 


Secondary beams 


b. 


15. The general arrangement is shown in Figs la and | 
16. The triangulation in the upper surface served three purposes:— 

(a) It provided torsional stiffness. 

(b) It provided stiffness in the deck under horizontal loads. 

(c) The longitudinal forces applied by the diagonals were spread between the longi- 
tudinal members, which could thus act not only as cladding bearers but as the 
compression boom as well. These bearers were reinforced to carry bending 
under zero compression. 

The cladding was of Stramit panels 3 ft 4 in. broad with bituminous felt on top. 

17. The prestressing arrangements consisted of 2 X 12/276 Freyssinet cables lying in 
open grooves in the bottom boom, and a number of single 276 wires ranging from four to 
one lying in holes in the tension diagonals. 


Main beams 


18. The important features are the following:— 

(a) The monolithic union of main and secondary beams, resulting from building the 
end frames of the latter into the former. All risk of torsional buckling was thus 
avoided; in addition, torsional loads caused by wind on the doors were supported 
by bending in the secondary beams. 

(b) Placing the main tendons in a parabolic profile on either side of the diagonal 
members. This counterbalanced a large part of the shear and greatly reduced 
the forces in the diagonals and the number of stressing operations; in fact, 
all but one or two of the diagonal tendons lay in the secondary-beam end-frames 
and could be tensioned prior to erection. 
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Fig. 3. Symmetrical pattern of beams Fig. 4. Hoisting of secondary beams 





19. The beam was analysed as a hyperstatic triangulated beam; the approximation, 
consisting of replacing it by a continuous solid-web member of constant moment of inertia, 
was employed only for preliminary design. 

20. The design was thus as follows:— 

(i) Approximate analysis to establish sizes of members and general feasibility of 
details. 

(ii) “Exact” analysis of preliminary beam under the following loads: 
(a) Unit loads at top panel points. 
(b) Unit loads at bottom panel points. 
(c) Unit compressive load along top boom. 
(d) Unit compressive load along bottom boom. 

(iii) From these basic figures all combinations of load and prestress could be built 
up; e.g. the effect of prestress alone was the sum of different multiples of (b), 
(c), and (d). 

(iv) Operations (ii) and (iii) were repeated after modifications under (iii) to give the 
final design. 

21. The resulting arrangement of prestress has imposed an interesting symmetry on 
basically unsymmetrical beams (Fig. 3). Table 1 gives the forces and stresses in critical 
members under different states of load. 

22. Some apprehension was felt .as to whether the hangers would remain vertical, 
when the main tendons were stressed; the hanger heads were accordingly connected together 
by mild-steel tie-rods designed to support the fricton forces resulting from the tension of 
one cable in each group; this cable would itself lock the hanger against displacement caused 
by tensioning subsequent cables. Each cable was designed to be overtensioned and then 
released slightly to establish a reasonably uniform tension in each group of tendons. The 
tendons were cased in a split pitch-fibre pipe and then filled with grout; there is thus 
a double protection against corrosion. 
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23. It will be noted that certain diagonals were stressed after constitution of th 
beams; as noted above, the effect of such stressing is complex. In fact, this effect was 
estimated to be small and the complexity was ignored, 

24. The parabolic tendons consisted of two groups of 4 X 12/276 Freyssinet cables 
each; the diagonals were stressed by various numbers of 4/276 prestressing tendons. 


Erection 
25. Erection was regarded as an intrinsic part of the design problem; the method of 
erection was in fact settled before detailing of the structure was undertaken. The erection 
sequence was:— 
(i) In-situ construction of main columns. 
(ii 


Precasting and placing of secondary columns and fixing of gutters; the latter 

had a certain stiffening effect. 

(iii) Construction of secondary beams on the ground by assembly of precast elements 
on scaffolding. 

(iv) Stressing of secondary beams. 

(v) Hoisting of secondary beams into position by jacking on two steel straps from 
scaffolding towers in front and one steel strap lying in the hollow of the 
column in the rear (see Fig. 4). The movement of the secondary beam was 
purely vertical. 

(vi) Constitution of main beam by placing precast elements between secondary- 
beam end frames. 

(vii) Stressing of longitudinal roof. 

(viii) Decking of roof. 

(ix) Stressing of main cables. 

(x) Cladding, fixing of doors, etc. 

26. The following features of design were considered helpful to erection:— 

(a) The shaping of the rear columns to permit the secondary-beam end blocks to 
slide vertically along them. 

(b) The small quantity of work needed on the roof deck once the secondary beams 
were in position; these beams constitutes virtually the complete deck. 

(c) The employment of parabolic main tendons in the main beam with the consequent 
reduction of diagonal stressing. 

(d) The use of secondary-beam end frames as part of the main beam simplified both 
the placing of the secondaries and the construction of the main beams. 

27. The following features were a nuisance and would be avoided or improved if 
possible on a future occasion:— 

(a) Stressing of the transverse members. This was done by wires in open grooves; the 
inevitable variation of level of the beams was nearly as large as the depth of 
the groove. It is considered that the in-situ reinforced concrete joint could have 
been made adequate; this would also have avoided one or two complicated 
anchorage details. 

(b) Threading the main cables to the main beam through individual holes in the 
hangers was time-consuming; an attempt would be made to have a_ hanger 
detail open at the side. 

The number of minor variations on the standard roof A-frames could have been 

reduced by modifications of layout. 

(d) The main-beam unit forming the front end of the secondary beam was detailed 
as a V-shape incorporating a very short section of the main-beam bottom boom. 
This short bottom-boom section was supported at its ends on the front scaffolding 
and the necessarily close centres of the supports rendered it difficult to 
adjust the secondary beam to a proper level by jacking off the scaffold. A longer 
bottom section spreading the end supports out to, say 7 ft, would have made 
small final adjustments more simple. 

(e) It was found necessary to break the steel lifting straps into two lengths to avoid 

an tnmanageable length of flexible strip projecting above the hangar roof when 
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Fig. Id. Secondary beam—detail of junction of diagonals and bottom boom 


when hoisting was complete. The dividing of these straps meant supporting 
the secondary beam in a half-way position, Extra holes through the flanges of 
the rear columns would have made it simple to support the beam on a short length 
of steel joist. 

28. In general, erection proceeded smoothly and was free of incident or sensation 


Other details 


29. The cladding consisted of “Plyglass” panels, which consist of a sandwich of two 
sheets of glass with fibre-glass between; these panels diffuse light and have a certain 
thermal-insulation value. The panels were fixed in aluminum glazing bars supported on 
reinforced concrete rails bolted to the columns. 

30. The canopy over the doors was finished with an aluminum fascia supported 
light steel girder bolted to the projecting ends of the secondary-beam booms. 

31. Lighting fitments were fixed to the secondary-beam booms by light metal clips, 
and this operation was carried out while the beams were at ground level. 
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Strain and Deflection Measurements 


32. In order to assess the performance of the structure, readings were taken of strain- 
deflection in association with the Cement & Concrete Association, to check the following:— 

(i) Deflection of main beam. 

(ii) Differential settlement of main columns. 

(iii) Deflection of secondary beams. 

(iv) Strains in diagonals of secondary beams. 

33. The mid-span deflection of each half of the main beam as a result of tensioning 
was between % in. % in. upwards; the small size of this deflection is due to the nearly 
equal mean stresses in the top and bottom booms under deadload. 

34. Owing to lack of time, strain measurements had to be confined to the secondary 
beams, two of which were tested. Strain readings were taken on all four sides of selected 
diagonals at the ends and near the midle of the beams. For each case the mean stresses 
on the middle diagonals were similar to those given by a pin-joint analysis but at the ends 
the actual strains were lower, largely because of the stiffness of the end joints and of the 
the bottom boom. The strain readings showed quite appreciable bending in the ends of the 
diagonals although virtually no tensions were recorded; it is anticipated that creep will 
“even-out” these strains to some extent. Further readings of strain and deflection are being 
taken to assess the effects of time. 
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INTRODUCTION 


The purpose of this investigation was 
to study, both experimentally and analyti- 
cally, the effects of shrinkage and creep 
in composite construction consisting of a 
prestressed-concrete beam and cast-in-place 
slab (Fig. 3). The effect of shrinkage and 
creep of concrete and the relaxation of steel 
stress in ordinary prestressed beams is known 
to be a major cause of loss of prestress, but 
little is known about the magnitude of the 
induced stresses resulting from differential 
shrinkage of the composite beam. 

The term differential shrinkage is used 
here for the effect of the relative strains 
in the two concretes caused by the shrink- 
age of the cast-in-place concrete and shrink- 
age plus creep of the prestressed concrete 
when the two are bonded together. The free- 
shrinkage strain in the cast-in-place slab 
(shrinkage without restraint from other 
bodies) exceeds the shrinkage-plus-creep 
strain in the prestressed stem. When the two 
are bonded together, this has the effect of 
inducing a compressive force at the top 
of the beam and a tensile force at the 
bottom of the slab. If the slab is reinforced, 
there is an additional concrete stress caused 
by the resistance of the reinforcing steel 
to shortening. This stress is tensile in all 
cases except where the slab steel is outside 
the kern of the slab section, in which case 
a compressive stress is induced on the op- 
posite extreme fiber. 

Differential shrinkage may cause stresses 
of considerable magnitude in the prestressed 
portion of the composite beam. Actually, 
in certain cross sections in which the cast- 
in-place part is relatively massive and the 
prestressed portion, slender and deep, it 
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is possible for these stresses to be as high 
as those caused by live load. Hence the 
stresses resulting from differential shrink- 
age in any given design should be taken 
into account. 

The analysis of shrinkage and creep in 
composite prestressed-concrete beams can 
be divided into three parts: 

1. The loss of prestress because of shrink- 
age and creep of the prestressed concrete 
and relaxation of steel stress as in ordinary 
prestressed-concrete beams 

2. The fiber stresses in both portions of 
the composite section resulting from dif- 
ferential shrinkage. 

3. The additional tensile stresses in the 
slab, if it is reinforced, caused by the erdi- 
nary shrinkage of a reinforced-concrete ele 
ment. 

The ordinary shrinkage and creep of the 
beam and the shrinkage stress in the slab, 
if reinforced, are separate effects which 
must be considered in addition to the dif- 
ferential shrinkage effect. If the slab were 
not reinforced and there were no shrinkage 
or creep in the beam, the differential effect 
would still occur because of the shrinkage 
or shortening of the slab concrete 


PURPOSE AND SCOPE 


The most important variables influencing 
the effect of shrinkage and creep in com- 
posite prestressed-concrete beams are the 
following: 

1. Relative casting dates 

2. Surrounding moisture conditions 

3. Whether slab is reinforced or not 

4. Relative quality of the two concrete 

mixes 

5. Magnitude of prestress. 
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The of this investigation was to 
supply the necessary information for one 
combination of these variables. Additional 
tests will be necessary to evaluate the rel- 


purpose 


ative influence of each of these variables 

The experimental data obtained in this 
investigation include the following: 

1. Free-shrinkage strain readings on two 
shrinkage specimens of the high-strength 
concrete used in the prestressed beams 

2. Strain readings on one noncomposite 
beam and on the prestressed portion of one 
composite section 

3. Strain readings on the slab portion of 
the composite section 

4. The magnitude of induced differen- 
tial-shrinkage force applied to both por- 
tions of the composite beam by the resultant 
shrinkage of the cast-in-place slab. 

A simple procedure based on an ex- 
perimentally determined 
developed for calculating the differential- 
shrinkage force and the corresponding fiber 
stresses in both portions of the composite 
The magnitude of the 
force was verified directly from test data. 

As a preface to the differential-shrinkage 
consideration, the results are presented for 


coefficient was 


beam. calculated 


the free shrinkage of high-strength concrete 
and the shrinkage plus creep for the non- 
composite prestressed concrete beam. The 
of the shrinkage 
subtracted from the strains recorded on the 


strains specimens were 
beam, and the remaining strain was assumed 
Since 
the relaxation of steel stress is essentially 


to be the result of concrete creep. 


a stress reduction at constant length, this 


effect was not included in the measured 


beam strains. 


DESCRIPTION OF SPECIMENS 
AND TEST PROCEDURE 


In these tests two beams 10 in. wide, 
14 in. deep, and 24 ft. long and two shrink- 
age specimens having the same width and 
depth were used. All four of these elements 
cast at the same time. Both 


were post-tensioned at 12 days with four 


were beams 


%-inch straight bars and an initial pre- 
stress force of 52,000 Ib. per bar. A rein- 
forced concrete flange 4 in. deep and 36 
in. wide was poured on one beam at 104 
days. The contact surface was roughened 
and wet down before the slab was poured, 
and %-inch stirrups, spaced at 1 ft. on 
centers, were used to tie the slab to the 
beam. Both ~concretes were vibrated 
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mechanically. The specimens are shown in 
Figures 1 and 2 and their details, in- 
cluding location of gages, in Figure 3. 
The two concrete mix designs per cubic 
yard of concrete were as follows: 
High _ strength (6060 psi 
strength at 28 days): 


concrete 


Cement 658 Ib. 
Sand 1095 Ib. 
Stone 1716 Ib. 
Pozzolith 1.75 Ib. 
Water 38.6 gal. 


Slab concrete (4075 psi strength at 
28 days): 
Cement 451 |b. 
Sand 1343 Ib. 
Stone 1795 lb. 
Pozzolith 1.25 lb. 
Water 32.0 gal. 


with a 


having a 


Concrete strains were measured 
Whittemore gage 
10-in. gage length. Gage points were steel 
inserts imbedded in the concrete. (Electrical 
gages were also used in an effort to cor- 
roborate the 
but after a time they 


showed excessive leakage.) Four mechanical 


mechanical 


mechanical gage readings, 


short period of 
gages were used on one side of each beam, 
four on each side of the two shrinkage 
specimens, and nine on the slab. Thus a 
total of 16 mechanical gages were used on 
the two shrinkage specimens, 13 on the 
composite beam and 4 on the noncomposite 
The both 
were placed at mid-span. 


(bare) beam. gages on beams 

In order to determine experimentally the 
magnitude of the resultant force applied 
by the cast-in-place slab on the prestressed 
portion of the composite beam as a result 
of differential shrinkage, one of the pre- 
stressed beams was calibrated by applying 
varying forces along its top surface while 
taking corresponding beam strain readings 
at mid-span. For the purpose of calibration, 
a tensioning bar was placed in a recess in 
the top of the 
before the casting of the slab. Using this 


beam and then removed 
calibration it was possible to determine the 
differential shrinkage force directly by a 
comparison of the strains of the noncompo- 
site and composite sections. The difference 
in these two strains at a particular gage 
location was the beam strain resulting only 
from differential shrinkage 
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Additional tests were conducted to throw 
some light on the expansion and shrinkage 
of concrete beginning immediately after 
casting. The results are discussed in the 
appendix. 


TEST RESULTS 
Shrinkage Specimens 

On each side of the two shrinkage speci- 
mens 4 mechanical gages were placed in 
locations corresponding to those on _ the 
stem of the composite beam, as shown 
in Figure 3. All gage readings were con- 
sistent and no significant difference was 
found between the srinkage-strain readings 
at gages 1, 2, 3 and 4. One mean value of 
the shrinkage strains recorded at each of 
the 16 gages is shown in Figure 4a. This 
can be considered as the uniform shrinkage 
strain over the cross section. 

The strains of the shrinkage specimens 
were recorded beginning with the seventh 
day after casting. The leveling off of the 
curve indicates an ultimate shrinkage strain 
of about 4 x 10-4 in./in. Test results pre- 
sented in the appendix indicate that this 
value may be increased about 15 per cent 
when the early shrinkage is included in 
the measured strain. Laboratory shrinkage 
is expected to be higher than field shrinkage 
because of the dryer air in the laboratory. 
Professor Kluge (1) reported shrinkage 
strains on some identical specimens to be 
5 x 10-4 in./in. in the laboratory and 
2 x 10-4 in./in. in the field. 


Noncomposite Beam 


The strain readings on the noncomposite 
prestressed concrete beam were recorded 
from the day of post-tensioning (12th day). 
Four gages were placed from top to bottom 
on one side of the beam at mid-span (Fig. 
3). The accumulated strains resulting from 
shrinkage and creep of the concrete were 
recorded at the four gages. These results 
are shown in Figure 4b. 

It was assumed that by subtracting the 
shrinkage strain which occurred after the 
beam was post-tensioned from the com- 
bined shrinkage and creep strain, the con- 
crete-creep strain would be obtained. The 
creep curves are shown in Figure 4c for 
(1) Kluge, Ralph W., “Field Studies of 
Prestress Loss Due to Shrinkage and 


Creep,” Journal of Prestressed Concrete 
Institute, June, 1958. 
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each gage location, and the elastic-and 
creep-strain distributions are shown in 
Figure 5. The creep-distribution values show 
that, under the stress distribution resulting 
from prestress and dead load (usually in 
the neighborhood of the allowable com- 
pressive stress at the bottom fiber), creep 
is not proportional to stress in the lower 
portion of the beam where the stress is 
higher. In this stress range the concrete 
stress-strain curve is approximately straight, 
so that the elastic-strain distribution-curve 
values in Figure 5, when multiplied by the 
modulus of elasticity of the concrete, give 
the stress-distribution curve. Here, as in 
succeeding parts of this report, the term 
“estimated ultimate strain” refers to the 
estimation of the asymptotes to the different 
curves from the test data. It is felt that 
the period of observation was long enough 
to permit this to be done satisfactorily. 

The estimated ultimate creep-strain dis- 
tribution is shown to vary linearly to about 
mid-depth in Figure 5. The corresponding 
beam stress at this point is about 
((70 + 810)/2) (10-6) (4.1 x 10-6 1,800 
psi. Hence for this case, the creep strain 
is proportional to compressive strain (or 
stress) up to about 0.3 of the ultimate 
strength of the concrete. 

The estimated ultimate loss of prestress 
because of concrete shrinkage and creep 
is about 24.2 percent. This value is higher 
than is usually assumed but is believed to 
be correct in this case under laboratory 
conditions. The creep ratio (ratio of ulti- 
mate concrete creep to elastic strain) was 
found to be about 1.1. (The ACI-ASCE 
Joint Committee recommends a creep ratio 
of 1.0 to 3.0.) 


Composite Beam 

The effect of differential shrinkage is to 
induce stresses in both portions of the 
composite section as a result of shrinkage 
and creep that exists only if the two sections 
are bonded together. For this investigation 
one composite and one noncomposite beam 
were studied so that the difference in the 
strains of the beam portion of the composite 
section and the noncomposite beam, each 
measured from the time of slab casting, 
give the resulting differential-shrinkage 
strains (Fig. 7). 

The strain readings in the bottom of the 
slab were used to check the top-fiber beam 
strains since the two should be the same. 
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The average strain in the bottom of the 
slab (Fig. 6) was found to be about 20 
percent less than the top-fiber strain in 
the beam. This can be explained by the 
fact that there was a three-day delay after 
the slab cast before the gages could be 
mounted on its bottom. The gages on the 
top of the slab were used only as a check 
and showed larger compressive values than 
those on the bottom because of the positive 
(downward) bending of the slab. The gages 
toward the edges of the slab showed about 
15 percent larger compressive strains than 
those near the stem. For the purposes of 
this study, only the average of the gage 
readings on the bottom of the slab are 
reported. 

The differential-shrinkage force was cal- 
culated using a coefficient obtained from 
the differential-shrinkage strain distribution 
determined experimentally (Fig. 7). This 
force was verified directly using this same 
strain distribution along with the calibration 
that was made between the composite-beam 
gage readings and an applied longitudinal 
force at the top of the beam before the 
slab was poured. 


DEVELOPMENT OF THE THEORY OF 
DIFFERENTIAL SHRINKAGE 


It is necessary to understand the nature 
of the stresses and strains occurring in both 
portions of the composite section, as a 
result of concrete shrinkage and creep, in 
order to explain the calculations needed for 
determining the differential-shrinkage force 
and the corresponding fiber stresses. As the 
slab tends to shorten, relative to the stem 
of the composite section, a longitudinal 
compressive force is applied at the top of 
the stem. The resistance of the stem to 
slab shortening produces an equal tensile 
force on the bottom of the slab. The total 
effect of the slab shrinkage is to cause 
downward bending of the composite beam 
and a strain distribution such as shown in 
Figure 8c. Supplementary tests (results in 
the appendix) indicated that the bond and 
shrinkage of fresh concrete are sufficient 
to begin differential-shrinkage action about 
24 hours after casting. Prior to this there 
is an expansion of the slab resulting from 
heat of hydration of the concrete and 
subsequent contraction upon cooling, so 
that at the end of 24 hours following slab 
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casting, the net slab shortening begins t 
occur. 

The main point of interest in thi 
behavior is the fiber stresses resulting from 
differential shrinkage, that is, the differential! 
effect of shrinkage of the cast-in-place con- 
crete and shrinkage-plus-creep of the pres- 
tressed concrete, while the two are bonded 
together. The strain-distribution values in 
Figure 8c, when multiplied by the modulus 
of elasticity of the stem concrete, lead 
at once to the differential-shrinkage stress 
distribution in the stem of the composite 
section. 

But this is not the case in the slab, where 
the actual slab strain is a net shortening 
from shrinkage, and the shrinkage strains 
themselves are not accompanied by con- 
crete stress. It is the resistance of the stem 
to the slab shrinkage which produces slab 
stresses. The strain corresponding to this 
stress, which is the same as the decrease in 
free slab shrinkage strain resulting from 
the stem restraint, is shown in Figure 8d. 

Reinforcing steel also provides a restraint 
on slab shortening and produces tensile 
stresses in the concrete, but this can be 
considered separately provided the coef- 
ficient defining the magnitude of the 
differential-shrinkage effect has been pro- 
perly determined for such reinforcement. 
It is the resistance of the stem to slab 
shortening which causes the differential 
shrinkage stresses to be introduced in the 
slab. Hence the effect of differential-shrink- 
age is to exert a compressive force at the 
top of the stem and an equal tensile force 
at the bottom of the slab. The stresses im- 
parted to each portion of the composite 
beam by these equal forces are easily 
calculated, once the force is known. 

An important deduction must be made 
regarding the strain distribution in both 
portions of the composite section. As the 
differential-shrinkage occurs, the entire 
beam bends downward. Assuming perfect 
bond between the two sections, the curva- 
ture of the composite section is given by 


Curvature = 1/R =¢/y. 


Hence is follows that the strain distribution 
is linear across the composite section. But 
this compressive strain in the slab is the 
actual slab strain from shrinkage. It does 
not reflect the decrease in the free slab 
strain caused by the stem restraint, which 
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corresponds to the differential shrinkage 
stresses in the slab. Therefore, the stress 
distribution in each section and its corres- 
ponding strain distribution (Fig. 8d) do not 
necessarily have the same slope but depend 
rather on the individual properties of the 
respective cross sections. An example of 
this is given in the summary. 

A question might be asked here about 
the need for a transformed composite sec- 
tion to be used in the determination of the 
different-shrinkage stresses in order to allow 
for different moduli of elasticity in the 
two sections. There is no external bending 
moment on the composite section as a 
result of differential-shrinkage and hence 
no internal resisting couple. The differen- 
tial-shrinkage force acting in one direction 
on the top of the stem and in the opposite 
direction on the bottom of the slab exert 
bending moments on their respective sec- 
tions of Pd/2. These moments are different 
when the two section depths are different. 
Each moment is resisted by its respective 
section and not by a combined transformed 
composite section, since no moment acts 
on the composite section itself as a result 
of differential-shrinkage: This suggests that 
the stress and strain distribution in each 
portion of the composite section depends on 
the properties of that section alone, and the 
curves do not necessarily have the same 
slope. 

The foregoing discussion and the equa- 
tions to be developed for the calculation 
of the differential shrinkage force are for 
a composite T-beam, but they also apply 
to any composite prestressed-concrete beam 
regardless of the cross section used. 


In presenting the theory for the calcula- 
tion of differential-shrinkage stresses, it is 
desirable to use a variable coefficient which 
is independent of the two cross sections 
used in the composite beam. For _ this 
reason the differential-shrinkage coefficient 
“x”, as defined, is used instead of a simpler 
value such as one of the extreme fiber 
strains. The differential-shrinkage coefficient 
is defined as the difference in the free 
strains of the two sections It is also the 
sum of the actual strain of the bottom of 
the slab (this is equal to the actual top-fiber 
strain of the stem) and the tensile strain 
of the bottom of the slab caused by the 
stem restraint. This is the same as the 
relative strain of the bottom of the slab and 
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the top of the stem if the two sections 
were not bonded together; that is, the 
difference in the free strains. 

In this investigation the value of “x” 
was obtained from the experimentally deter- 
mined strain distribution of the beam por- 
tion of the composite section. Using this 
value for the coefficient, the differential- 
shrinkage force and the corresponding ex- 
treme fiber stresses of both sections were 
calculated. It is seen that this approach 
offers an easy way to calculate differential 
shrinkage stresses provided an appropriate 
coefficient is known. For design purposes 
it seems feasible to use such a coefficient 
depending on the difference between the 
casting dates of the two concretes. More 
experimental work is needed to determine 
satisfactory values for the coefficient under 
various casting schedules. 

All stresses and strains are those resulting 
from differential shrinkage alone (the dif- 
ferential effect of shrinkage of the cast-in- 
place concrete and shrinkage-plus-creep of 
the prestressed concrete, while the two are 
bonded together). 

The sign convention is based on the 
assumption that the slab shrinkage exceeds 
the shrinkage-plus-creep of the top fiber 
of the beam. Otherwise the signs are 
reversed. 

Subscripts 1 and 2 refer to the cast-in- 
place and prestressed sections respectively. 
Subscripts t and b refer to top and bottom 
fibers respectively. 

After the two sections are bonded to- 
gether, the differential shrinkage induces 
a compressive force P, on the top fiber of 
the beam. This is opposed by a tensile force 
P, on the bottom fiber of the slab section. 

=M = 0, P, coincides with P, 

SH = 0,P, P, = P = Differential 

Shrinkage Force 
x = Differential-Shrinkage Coefficient (ex- 
perimentally determined) 
= (free-shrinkage strain of the bottom 
fiber of the slab)—(Free-shrinkage- 
plus-creep strain of the top fiber of 
the beam) 
= (ep) 1+ (eae) (Tensile strain in the 
bottom fiber of the slab caused by the 
restraining action of the beam on the 
relative slab shortening, that is, differ- 
ential-shrinkage) + (Compressive 
strain in the top fiber of the beam be- 
cause of the same restraining action) 
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1/A, + (%d,)2/I, 
E, 





1/Ay + (%4d,)?/I, 


The a-values represent the resistance 
properties of the two sections as defined 


below. 








o = €E 
o = P/A+ Pec/I 
P= 
1/A + (%4d)2/I 
eE 
ae = fi 
1/A + (%d)2/I 
P, = €ip*1> P, 2 Fora o 
P, = P, = Pp 
€1p/€2t = Ae/ ay 


[2 at > 
— €o¢(ao fay +1) 


/ ' 
€2t lerp/ €t2 T 1) 


Xa, 





a, + a5 


ay ay 





> P —_ 
P = exo = x 
a, + a, 


The differential-shrinkage force is given 
by this formula. While the differential- 
shrinkage coefficient x is independent of 
the sections used, the differential shrinkage 
force P depends on the coefficient, the 
two moduli of elasticity, and the two cross 
sections. 


(d/2)2 

o = P(+1/bd+ )= P/bd+1 +3) 
bd#/12 

01 t =—_— 2P /b, d,, 

= —4P/b.d, 


oi» = 4P/b,d,, 
ox, = 2P/b.d, 


Calculation of Differential Shrinkage 
Stresses 


9 = 14in., 





A, = 140 in?., 
I, = 2287 int., 
E, = 4.1 x 106 psi 
From Figure 6, the ultimate value of ¢,, 
was estimated to be about 118 x 10-8 in./in 








2.9 x 106 
a, = = 1.044 x 10* |b 
1/144 + 4/192 
4.1 x 106 
a, = = 1.435 x 10% Ib. 


1/140 + 49/2287 
x 118 x 10-6 (1.435/1.044 + 1) 
2.802 x 10-4 in./in. 
1.044 x 1.435 x 1016 
P 





(1.044 + 1.435) 108 
2.802 x 10-4 = 16,930 lb. 


This is the differential shrinkage force. 


Cit —2 x 16,930/36 x 4 — 235 psi C. 
Clb +470 psi ¢ 2 
oot —4x 16,930/10 x 14 = — 484 psi C 


The product of the top-fiber strain of the 
prestressed section and the modulus of 
elasticity provide a check on the calcula- 


tions. 

ot €o4Eo —118 x 10-6 x 4.] x 106 
— 484 psi C. 

2p + 242 psi T. 


By using the calibration between the 
stem gage readings and the corresponding 
longitudinal force applied at the top of the 
stem, the average differential-shrinkage 
force, as indicated by the estimated ulti- 
mate differential shrinkage strain distribution 
based on the strain measurements (Fig. 8) 
at the four stem gages, was found to be 
17,600 lb. This compares favorably with the 
magnitude of differential-shrinkage coeffi- 
cient. 


Calculation of Ordinary Slab-Shrinkage 
Stresses 
Reinforcing was symmetrically placed at 
mid-depth. 
np 
f, = —————__ sE,, 


1 + (n-l)p 
For the slab used, 


n= 10,p = 7x 0.20/144 = 0.00973, 
E.. = 2.9 x 108 psi, 

s = 400 x 10-6 in./in. 

f, = 104 psi. 
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SUMMARY 


The magnitude of the estimated ultimate 
shrinkage strain was found from the ex- 
perimental data to be about 4 x 10-4 in./in. 
This is higher than the usual recommended 
value for field designs but is approximately 
the value to be expected under laboratory 
conditions. This results in an ultimate loss 
of prestress from shrinkage of 9.5 percent. 
The creep ratio found in the noncomposite 
beam was 1.1 which is a normal value, 
but the ultimate loss of prestress of 14.7 
percent from creep is high. The explanation 
for this seems to lie in the relatively high 
elastic-concrete strain (13.8 percent of the 
initial steel strain), or high prestress force 
used. This resulted in a lower creep ratio 
since for stress ranges above about 1800 psi, 
creep is no longer proportional to stress. 
However, if this one test is any indication, 
it appears that a 15 to 20 percent loss of 
prestress from concrete shrinkage and creep 
alone might be found in the field. This is 
higher than is normally recommended for 
design purposes. 


From the noncomposite prestressed-con- 
crete beam, it was found that creep was 
proportional to stress up to about 0.3 of 
the ultimate strength of the concrete. 


The strain distribution resulting from 
differential-shrinkage was obtained from ex- 
perimental data, and an easy method shown 
for calculating the differentian-shrinkage 
force and the corresponding stresses in both 
portions of the composite section. The 
method is one of determining the differen- 
tial-shrinkage force for a given differential 
shrinkage coefficient, using the formula 


ay ae 
a, T a 


and applying the ordinary (P/A + Pec/I) 
formula to calculate the fiber stresses. Such 
a solution insures linear stress and _ strain 
distributions in each portion of the compo- 
site section as a result of differential-shrink- 
age but not necessarily the same slope in 
each. This behavior differs from the assump- 
tion made in the first two references in 
the bibliography that the strain-distribution 
diagram corresponding to the differential- 
shrinkage stresses is linear across the com- 
posite section. The consequence is a dif- 
ference in the top-fiber stress of the slab 
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and the bottom-fiber stress in the stem. 

Referring to the differential - shrinkage 
theory, it is seen that for the two portions 
of the composite section, the numerical sum 
of the extreme fiber stresses is 6P/b,d, 
for the slab and 6P/b.d, for the stem. It 
follows from these that, unless b,d,” 
b.d,”, the stress distribution have different 
slopes in the two sections. If this equality 
happens to hold in any given case and 
Hook’s Law is assumed, then the strain- 
distribution diagrams would have the same 
slope only if the two moduli of elasticity 
were the same. This supports the statement 
previously made that the stress and strain 
distribution in both portions of the compo- 
site section do not necessarily have the 
same slope as a result of differential-shrink- 
age. The strain referred to here is not 
the actual slab strain, which includes the 
shortening resulting from shrinkage, but 
rather the strain corresponding to the slab 
stress caused by the resistance of the stem 
to slab shortening. 


In these tests one value for the coefficient 
was found to be 3.1 x 10-4 in./in., and the 
corresponding differential-shrinkage force 
and fiber stresses were calculated. They 
were of high enough magnitude to require 
consideration in design. The resulting force 
was substantiated experimentally by a cali- 
bration made between the stem gages and 
an applied longitudinal force at the top 
of the stem. The differential - shrinkage 
effect is high insofar as the difference 
between the casting dates (104 days) of 
the two concretes is concerned. Also the 
conditions of field shrinkage would call 
for a lower coefficient, but the reduction 
would be less than that for the case of free 
shrinkage in the laboratory and the field. 
More test beams are needed to determine 
the coefficient for various casting schedules. 

The main variable effecting differential 
shrinkage in most cases is no doubt the 
elapsed time between the casting dates. 
Four other variables were mentioned which 
are significant in the evaluation of differen- 
tial-shrinkage. They were (1) the surround- 
ing moisture conditions, (2) whether the 
slab is reinforced or not, (3) the two con- 
crete mix designs, and (4) the amount of 
prestress used. The prevailing moisture 
conditions in the area of a structure effect 
the differential-shrinkage coefficient much 
as they do the free shrinkage of plain con- 
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crete. Extreme conditions can be provided 
for in the coefficient itself. However, curing 
conditions no doubt have a _ considerable 
effect on the coefficient which should be 
used in a design. Further investigation of 
this is needed. The magnitude of the re- 
sults found herein were based on data 
resulting from tests on elements which were 
cured for one week. This time interval 
might be considered as a normal construc- 
tion procedure, hence this variable could be 
eliminated from among _ the 
mentioned list. 


previously 


It may be assumed that the slab is rein- 
forced for most cases as they generally are. 
The mix designs for the two concretes are 
fairly well standardized (especially in bridge 
designs), so that this would reduce the 
variables further. The normal distribution 
of prestress is not likely to vary enough to 
alter the creep distribution materially. Hence 
it appears that a reasonably simplified 
analysis could be achieved in which the 
differential shrinkage coefficient is based 
on the estimated time between casting of 
the two concretes. The longer this time in- 
terval, the greater are the differential-shrink- 
age stresses in both sections. For this in- 
vestigation the tensile stress in the slab 
caused by ordinary shrinkage, plus dif- 
ferential-shrinkage, was calculated to be 
104 + 470 = 574 psi at the bottom fiber. 
There was no evidence of the slab cracking 
after 100 days. 


CONCLUSIONS 


The free concrete shrinkage data obtained 
under laboratory conditions indicate a slow- 
er rate of concrete shrinkage than is usually 
reported. 

The strain distribution diagrams corres- 
ponding to the differential-shrinkage stresses 
do not necessarily have the same slope in 
each portion of the composite beam. The 
differential-shrinkage force produces mo- 
ments about the centroid of each section 
in the composite beam, and this combined 
moment and _ longitudinal force induce 
stresses in each section as determined by 
the properties of the individual section 
itself, and not by a transformed composite 
section. 

The stress distribution resulting from 
differential-shrinkage and slab dead load 
cause a creep distribution different from 
that of the same beam without the cast-in- 
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place slab. However, at the center of 
gravity of the prestessed steel this change 
in stress is very small so that the change 
in creep at that point — and thus the chang« 
in prestess loss because of the change in 
concrete creep — is negligible in the com- 
posite beam. Hence the loss of prestress 
from concrete creep is not altered from that 
of a non-composite beam by the slab dead 
load or differential-shrinkage effect. 

The procedure developed herein provides 
a simple method for calculating the stresses 
resulting from differential-shrinkage, if an 
appropriate differential-shrinkage _coeffi- 
cient is known. For design purposes it is 
believed that this coefficient can be pre- 
scribed for a given estimated period of 
time between casting of the two concretes. 
Additional information is needed on this 
and other aspects of composite differential 
shrinkage. 

The only difference in the differential 
shrinkage coefficient for the case of pre- 
tensioned beams is that the coefficient 
should be slightly larger because of the 
larger percentage of creep in the prestressed 
portion which occurs before the slab is 
cast. This results in a larger differential 
effect and depends on the time of release 
of prestress for pretensioned beams and the 
time of applying the post-tensioning force 
But for most designs the difference in 
the coefficient to be used for pre- and 
post-tensioned beams is negligible. 
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Fig. 2 Whittemore Mechanical Strain Gage 
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Location of the stem gages are the same for the 
non composite beam and the shrinkage specimens 


Figure 3. Composite Beam 
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Figure 6. Average Bottom Fiber Slab Strain Minus the Top Fiber Strain of the Non Composite Beam 
(From the 3rd Day After Slab Casting.) 
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APPENDIX 
TEST SETUP 


Two concrete speciments, 3% in. by 
5 in. by 6 ft., were used to investigate the 
expansion and shrinkage behavior of con- 
crete beginning immediately after casting. 
A steel bar was embedded in each specimen 
to measure the strains resulting from the 
heat of hydration and concrete shrinkage. 
One bar was unsymmetrically placed in an 
effort to separate the expansion and con- 
traction effects and the shrinkage effects 
which occur simultaneously during the first 
few days after casting. 

Before the concrete was poured, the 
bars were anchored to rigid abutments, and 
an initial tensile strain of about 100 x 10-6 
in./in. was introduced in each by tightening 
the nuts on the ends of the bars. The 
initial tension was to prevent slippage and 
to allow for the effect of heat of hydration 
produced after the concrete was bonded 
to the steel bars. This heat caused the 
embedded steel to elongate and the ex- 
ternal steel to shorten thus releasing some 
of the initial tension in the external part 
of the bars. After the concrete shrinkage 
and cooling effect exceeded the expansion 
the reverse was true. In either case the 
strains for the concrete and embedded 
steel were opposite in sign to those for 
the external part of the steel bars where 
the gages were located. 

Electrical strain gages were placed near 
each end of the steel bars outside the con- 
crete forms. Expansion material was used 
inside the wood forms so that expansion 
and shrinkage of the concrete would be 
unimpeded. The strain readings were taken 
as often as needed beginning immediately 
after casting and continuing for 20 days. 
The specimens were cured for 2 days and 
the forms removed after 5 days. Average 
values for the strain readings on both ends 
of each bar are reported. 


ANALYSIS OF TEST RESULTS 


The curves in Figure 11 show the read- 
ings of the electrical strain gages for each 
specimen. After the casting of the concrete, 
there was a 2% hour period in which no 
change was noted in the initial gage read- 
ings. Before the concrete was bonded to 
the steel, any heat caused by hydration of 
the concrete would tend to relax the initial 
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tensile stress in the bar, but since the bar 
could not change in length, there was no 
measurable strain. At 2% hours an abrupt 
change occurred in the gage readings indi- 
cating the concrete had begun to bond 
rather rapidly to the steel. Evidently the 
initial set of the concrete occurred about 
this time, and the resulting heat of hydra- 
tion began to elongate the concrete and 
embedded steel. Since the coefficient of 
thermal expansion of concrete is about 0.9 
that of steel, it appeared that any differential 
effect from the expansion and contraction of 
the concrete and steel as a result of heat 
hydration was negligible. 

After 2% hours the embedded steel 
strains and concrete strains were the re- 
sult of a combination of expansion caused 
by the heat of hydration followed by con- 
traction upon cooling and contraction result- 
ing from concrete shrinkage, which began 
about the same time that the concrete 
started bonding to the steel. From 2% to 7 
hours after casting it was found that the 
effect of expansion of the embedded steel 
and concrete caused by heat was predomi- 
nate over that of the concrete shrinkage. 
After 7 hours, concrete shrinkage and cool- 
ing caused the members to shorten. The 
maximum unit elongation of the concrete 
caused by heat of hydration was not exces- 
sive (29 x 10-8 in./in.) and, since its effect 
is cancelled on cooling, no account need 
be taken of it. In both pre-tensioned and 
post-tensioned members, the expansion and 
contraction effects have normally cancelled 
themselves before the prestress is applied 
to the concrete. 


From 7 to 24 hours the specimen with 
the symmetrically placed steel shortened 
and returned to a net zero strain. Evidently 
after 7 hours the heat of hydration had 
caused its maximum expansion, and cooling 
plus concrete shrinkage began to shorten 
the member. This time interval would no 
doubt vary considerably with the size on 
member and the concrete mix used. The 
relative part that concrete shrinkage plays 
in this shortening of the member can be 
perceived intuitively by comparing the two 
curves in Figure lla. The shrinkage of 
the concrete did not exert as great a force 
on the unsymmetrically placed steel as it 
did on the symmetrical specimen, so that 
the symmetrical specimen returned to a 
net zero strain after one day and the 
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ICAL CORPORATION 


Passaic,N.J. 











Fig. 9 The two specimens and rigid abutments (Also shown is the strain indicator and switching 
unit at right) 


unsymmetrical specimen after two days. 

The exact time when the cooling was 
completed is not important because the 
concrete and steel strains caused by heating 
and cooling cancel each other after a few 
days, leaving only the concrete shrinkage 
strains (Figurel2). It may be said, however, 
that the predominate effect during the 
first 24 hours was heating and cooling from 
the hydration of the concrete, although 
concrete shrinkage was taking place during 
this time. 

It is the concrete shrinkage that pro- 


duces stresses in the concrete and steel in 
the case of reinforced concrete members 
and differential shrinkage sti ‘sses in compo- 
site members, not the expansion and con- 
traction caused by heating and cooling. The 
concrete shrinkage begins right after the 
initial concrete set and bonding of the 
concrete to the steel. 

The free shrinkage curve in Figure 12 
which was measured from the time of 
casting, is to the left of the curve in Figure 
4. indicating an increase in the ultimate 
shrinkage strain of about 60 x 10-6 in./in. 


Fig. 10 Two specimens and forms. 
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Fig. 11 Strain gage readings 
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Fig. 12 Free concrete shrinkage 
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SYNOPSIS 


A theory for deflection of prestressed concrete beams is proposed which applies from 
the onset of cracking up to the load that produces non-linear stress distribution in either the 
concrete or the steel. Prior to cracking, Navier’s fundamental differential equation for deflec- 
tion is applicable. 

Experimental tests were carried out on twenty-six 6” x 4” x 10/0” pretensioned 
beams subjected to a large range of initial concrete prestress, from 30% to 300% of that 
normally used in practice. The beams were tested to failure at age of about 36 days by the 
continuous application of incremental loading. Good correlation between the observed deflec- 
tions and those calculated from the proposed theory were obtained. 


INTRODUCTION 


The fundamental differential equation for beam deflection due to flexure was proposed 
by Navier(!) in 1826. This equation applies to beams of most materials but when applied 
to concrete, differences of opinion occur as to the value of the modulus of elasticity of con- 
crete (E.) and the moment of inertia of the beam cross-section (I) or the combined flexural 
rigidity term E,I. In this investigation most factors affecting E. were restricted and for a 
particular strength concrete, the modulus of elasticity was found to be reasonably constant. 
Prior to cracking, the whole beam cross-section is operative and Navier’s differential equation, 
dy M 








is valid provided that the moment of inertia of the whole area (I)) is used. 
dx? E.I 
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Discussion on the accurate determination of deflection prior to cracking is not dealt with at 
length in this paper. 

When cracking commences the neutral axis position shifts and in the case of the non- 
prestressed beam rises suddenly to a constant position, predicted by normal reinforced con- 
crete theory. In the pretensioned beams however, the prestressing force opposes the com- 
mencement of cracking and retards the rate of crack development as the bending moment in- 
creases, The effective cross-section therefore is a function of the prestress force and the 
applied bending moment. 

As an alternative to using the moment of inertia of the cracked cross-section to obtain 

M 
the deflection, the beam curvature — can be expressed in terms of strains or stresses as 
EI 
suggested by Maney in 1914(2) and 1926(3). The proposed theory for deflection of prestressed 
beams in the cracked range is divided into two parts. 
(1) The determination of the expressions for the extreme fibre compressive stress and 


the steel stress in terms of the cracked section properties and the applied loads. 
(2) The integration of these expressions for stress along a beam to obtain the deflection. 


NOTATION 


The notation proposed by the A.C.I.-A.S.C.E. Committee 3234 is used whenever possible 
but as some alterations are necessary the following list is included. Subscripts 1 and 2 refer 
to the top and bottom (fibres) respectively. 


Cross-sectional properties. 





b = width of the rectangular section. 

d = distance from the extreme compressive fibre of the line of action of the prestres- 
sing force. 

kd = distance from the extreme compressive fibre to the beam neutral surface. 

qd = depth of beam that is uncracked. 

D = overall depth of beam. 
distance from the extreme compressive fibre to the layer that is unstressed by the 

h = externally applied bending moment. 

As = area of prestressing steel. 

A. = total prestressed area of concrete prior to cracking and equals bD + (n-1)A, for a 
rectangular beam. 

I = moment of inertia of the beam cross-section in general. 

I, = moment of inertia of the total beam area A, about the centroid of the cross-section. 

Z, = section modulus of the uncracked cross-section related to the top fibre. 

Zo = section modulus of the uncracked cross-section related to the bottom fibre. 

P = effective prestressing force. 

e = eccentricity of P from the centroid of the area A... 


Beam Loading Notation. 


M = externally applied bending moment in general. 

M, = theoretical cracking bending moment and is the bending moment at which the 
concrete tensile stress exceeds f/mr at any cross-section of a beam. 

M, =} limit of stress linearity bending moment and is the bending moment at which the 
beam stress distribution of either the concrete or steel becomes non-linear. 

M,, =ultimate bending moment and is the bending moment at which a beam collapses. 


Concrete properties. 


_ = ultimate compressive stress of concrete at time of beam test on a 6” dia. x 12” high 
cylinder. 

f’ ,, = modulus of rupture tensile stress obtained from an unreinforced 6” x 4” x 9’0’” beam 
similar to those tested. 

fos = extreme top fibre stress due to prestress force. 
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fpo = extreme bottom fibre stress due to prestress force. 


f,,; | = extreme compressive fibre stress due to external loading. 

f,, |= extreme compressive fibre stress due to all actions and equals (f,1 + f,,). 
eo = extreme compressive fibre strain due to f,,. 

E. = flexural modulus of elasticity of concrete. 


Steel properties. 


f. = ultimate stress of prestressing steel. 
fi. = effective steel prestress. 
& = additional steel stress due to externally applied bending moment M. 
f. = steel stress due to all actions and equals (f,, + f,,). 
e. = steel strain due to f,. 
E, = modulus of elasticity of the prestressing steel. 
E, 
n = ratio of moduli of elasticity of steel to concrete and equals —. 
E 


ce 


GENERAL THEORY 


In developing the theory the following assumptions are made. 
(1) Concrete is assumed to be capable of sustaining tensile stresses up to a value equal to f”,,.... 
(2) Beyond this limiting tensile stress the effect of the tensile concrete is neglected and 
the beam is assumed to have a corresponding effective transformed area. 
(3) The strain distribution across the beam remains linear throughout the loading range. 
(4) The materials of the beam remain within their elastic limits. While the beam strain 
distribution remains linear the differential equation for deflection can be expressed in terms 
of strain. 
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and assuming that the materials remain within their elastic limit the equation in terms of 
stress becomes, 














de d?y l 
—_— = a res are oe ee (2 
dx dx? dE, 
M 1 
The usual diagram can then be replaced by a (f, + nf,,) diagram and twice inte- 
E.I dE, 
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grated to determine the deflection at any point along a beam. This operation is relatively 
simple, the main difficulty being the calculation of the stresses as the cracking develops. 

The extreme fibre stresses due to an effective prestress force P acting at an eccentricity 
e on a rectangular cross-section are obtained from Eq. (3) and (4). 


P Pe 

fri Oe: ner ae eee ee eee OP ee ae OREN oe RR epee >) 
A. Z, 
P Pe 

fro i Cee ee ee. te eS oe eS he OE ee we a 16 (4) 
A Zo 


c 


Stress determination after cracking commences. 

Let an external bending moment be applied to a beam such that the extreme tensile fibre 
stress exceeds the modulus of rupture value f’,,,. This will cause the concrete to crack to a 
depth distant qd from the extreme compression fibre as shown in Fig. 1(d) where the con- 
crete tensile stress equals f,,,.. 

From the geometry of Fig. 1(c) 


h [ kd a 





is = | fry + ‘fpo — fpy) see | = etae (5) 
kd-h | D | 
From the geometry of Fig. 1(d). 
Poy 
qd ee of gi | A | en re | ee nr foe so (6) 
fry +f£py 


The additional concrete stress at the steel line due to external bending moment is ob- 
tained from Fig. l(c). 


d-h 


f., = nf,, | WS po My Oe i ee ee ae ge PS - (7) 
h 





The total steel stress at any stage of loading is 


























f. = T San 
P [ kd] n(d-h) 
f, = — + | fp, + (fpo —fpy) — | (8) 
A, L D | (kd-h) 
For equilibrium in Fig. 1(d) 3 H = 0. 
kd.b nn 
€,, + fp;) = — b(qd-kd) + f,A, 
9° 
Substituting Eq. (5), (6) and (8) in the above, 
( [ kd] h ) kdb 
( |fp1 + (fp — fpr) — + i 
(L D | kd-h ‘3 
Prins [ ee kd | 
2 h [ kd] | 
|fpy + pe —fpy—| + fri | 
| kd-h|_ I | 
[ kd] n(d-h) 
+ + A, fos a+ (fpo —fp,) —| cs tis 4 (9 
L D | (kd-h) 
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In a particular beam the values of f,,,, fpo, f’,,,. b, d, D, A,, P and n are constant henc: 
for various values of h, kd can be evaluated from Eq. (9). 

Considering Fig. 1(d) and equating the external bending moment M to the internal 
moment of resistance. 





kd (qd-kd) 
M = (f,, + fp,) kd b— + f”,,,. (qd-kd)b 
3 3 


+ f,A, (d-kd) 
and substituting values for f, ,, qd and f, from Eq. (5), (6) and (8) 


h kd] b(kd)? 


\ 








(fpr + (fp2 —fps 














r 
‘ai eas) fpr + 
(kd-h) pp =4 
T wwe [ Pe kd FP 
“4. b | 
3 | h kd | 
(fp, + (fp2 — fp) +fp, | 
| kd-h D J 
i kd = n(d-h) 
T |—— +(fp, + (fpo _— fp) ) | A.(d-kd) 
| A, D kd-h | 
eae 
For a particular beam Eq. (10) expresses M in terms of kd and h as fp,, fpo, fa, b, 


d, D, A,, P and n are constant. Thus M is given as a function of h by Eq. (9) and (10). By 
assuming arbitrary values of h, kd, can be calculated from Eq. (9) and then by substitution 
in Eq. (10), M is determined. 


Stress determination in normal pre-tensioned beams. 


A normal pretensioned rectangular beam is one in which the beam cross-section is 
constant, the pretensioned wires are straight and located at the lower third-point of the 
beam cross-section. The term normal prestress refers to a beam having a concrete stress 
distribution due to prestress of from approximately zero at the top to 2000 psi at the bottom 
fibre respectively. When the usual allowable steel prestress is employed this results in a 
small steel area of the order of 1% to 2% and its effect on the cross-sectional properties 
is usually small. If the steel area A, is neglected it follows from Eq. (3) and (4) that 

















2P 
fp; = 0 and fp. = ——. By substituting these values, Eq. (9) and (10) become, 
bD 
b2d*f’,.7 b?D4f’ 7h 2 PnA,h(d-h) 
(kd)? (Ph? — ——————_) + (kd) (—————— — PD*h — 
4P 2P b 
b,D#f’,,, .“h? 
+ (PD?*h? — )=0 
4P inact 
2Ph(kd)* f’ . b*D4(kd-h)? 2PnA,(kd)(d-h)(d-kd) 
and M = 7 +. P(d-kd) + 
3D2(kd-h) 12 P2 h? bD? (kd-h) ees 
Che extreme fibre compression stress fc, = fp; + f,,; and by substituting for 


f,, from Eq. (5). 
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2Ph(kd) 


bD2(kd-h) 


2P 
Substituting fp, = 0 and fp. = in Eq. (8) for the steel stress 
bD 


P 2Pn (kd) (d-h) 
Brae Sais SE trates Sh 
A, bD2 (kd-h) 


For the general case Eq. (9) and (10) can be solved and back substituted in Eq. (3), 
(5) and (8), to obtain the extreme compression fibre stress f,, and the steel stress f,. In the case 
where the pretension force is located at third-point of the cross-section Eq. (11) and (12) 
are first solved, then f,, and f, determined from Eq. (13) and (14). in both cases it is 
prudent to plot graphs of kd, M, f., and f, against h to detect any error in the calculated 
values, and graphs covering the range of beams tested are shown in Figs. 2, 3 and 4. 
As the initial concrete prestress for these beams was either 30%, 100% or 300% of 
that normally used it is apparent that a large range of prestress was encompassed in the 
experimental verification of the proposed theory. 


Determination of deflection 
The prestress force creates stresses fp, and f,, which are usually applied in a direction 
to cause upward deflection. Generally the deflection due to an external bending moment M is 
downwards and is determined by solving the equation 


d2y 1 
7 ome (f,. + nif,s) 
dx? dE 


s 


or in terms of f, and f,, 


d2y 1 
at GE,  f, 
dx? dE 


8s 


+ n (f., fp,)) 


e 


If the bending moment diagram is known, the graph of 


1 
+‘f,—f,.. ) + m (f., — fp,)) can be plotted. As this function varies non-linearily 
dE, 
with the applied bending moment, then in the general case it may have to be integrated either 
graphically or numerically. 


Relation between theories for deflection before and after cracking 


The general theory for deflection in the cracked range can be used to predict reflection 
prior to cracking provided certain modifications to the theory are made. The combined 
stress distribution for an uncracked cross-section is shown in fig. 5. 


The stress distribution below the bottom fibre is imaginary and if the terms relating 
to this portion are neglected, the resultant equations predict the deflection of an uncracked 
section. 

To simplify the algebra for comparison with Navier’s equation, the particular loading 
that causes kd to equal D as shown in tig. 6 can be considered. 
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Fig. 5 — A typical stress distribution prior to cracking 
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Eq. (5), (8) and (15) can now be used to derive the deflection equation 


d?y M 
which is the same as Navier’s equation =— 


dx? E Ip 


It is apparent that both theories predict the same deflection prior to cracking. For 
simplicity, Navier’s equation should be used up to the theoretical cracking bending moment 
M, and the proposed theory for the cracked range thereafter. M, is determined from the 
equation, 

M. = (fee + falZs cae 


EXPERIMENTAL DETAILS 
Beam Manufacture 

In addition to developing a theory for deflection, the cracking characteristics and 
the ultimate bending moment were studied. During the investigation, the concrete cylinder 
strength f’, was varied from 4330 to 9890 psi, the steel stress prior to transfer from zero 
to 155,000 psi, the steel porportion from 0.00125 to 0.031 and the concrete lower fibre 
prestress at transfer from zero to 6000 psi. These ranges were selected not only to cover 
all cases likely to occur in the practical design of non-prestressed and prestressed beams 
subjected to flexure failure, but also to provide a basis for theory well beyond this range. 

The concrete consisted of high early strength portland cement, coarse river sand and 
34’ maximum sized round river gravel and was well vibrated into steel channel moulds. 
The concrete was generally of zero slump and the measured cement content varied from 
5 to 12 bags per cubic yard. The control cylinders were vibrated in two layers, cured 
under the same conditions as the beams and tested at the same age. The beams were 
pretensioned in a 25/0’ pre-tensioning bed, the prestress being transferred to the beams at 
4 days, after which both beams and cylinders were immersed in water for 30 days. The 
beams and cylinders were then removed from the water and air dried for 2 days to enable 
the necessary instrumentation before testing to destruction. 

The steel prestress prior to transfer was measured to 1% accuracy by means of a 
Gerard Extensometer. The elastic, creep and shrinkage strains in the concrete were measured 
by means of a Whittemore Deformeter between brass targets attached to the concrete. 
Hence the effective steel prestress at the time of beam test was known to about 2% 
accuracy. 


Testing details 

The 6’’x4’’x10’0” pretensioned beams were third-point loaded over a 9/0’ span and 
deflections recorded under both load points and at the mid-span position. Mercer dial 
gauges: of least count 0.0001” attached to a light steel angle resting on the beam 
supports were used to observe the beam deflection. The load was applied at a slow 
rate, in 200 lb. increments, with pauses for observations at each loading so that the 
necessary readings could be observed. The load was increased in continuous increments 
from zero load up to the collapse value in one complete operation, over a period of about 
one hour. 

The modulus of elasticity of the concrete was obtained from concrete control 
cylinders according to British Standard 1881:1952 “Methods of Testing Concrete” and the 
modulus of elasticity of the steel according to British Standard 18:1956 “Tensile Testing 
of Metals.” 


Beam properties 
For a beam of given dimensions, the variable with the greatest effect on deflection 
in the cracked range is the prestress force. In view of this the three sets of beams used for 
comparing the observed with the calculated deflections were selected to cover the largest 
possible range of prestress force. Only the details relating to these beams are included in 


Table 1. 
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TABLE 1. BEAM DETAILS 























Beam Properties Beam Numbers 
| / 
30% normal prestress Normal Prestress 800% normal 
} ae prestress 
Variable Units tie 3 1 SA se) 6f)~COSI 
b zx. 1 4 | 4 4 | 4 
d | in. 4 | 4 | 4 4 4 
D . 6 6 6 6 6 
A, in.? 0.06 | 0.06 0.179 0.179 0.495 
P | Ib. 9000 | 9000 22,500 22,500 46,000 
a ae 320, | 320 270 270 | 320 
Jt | psi 9390 | 9890 6,670 6670 9600 
a | psix10% 220 | 220 | 220 220 217 
M,(Theor.) | tb.in x108 25.7 7 | 52.5 52.5 99.6 
M,, (Obs.) | Ib.in x10 46.0 | 45.4 | 122.0 120.3 218.1 
E. psix106 14 | 4.4 4.22 4.22 4.4 
E, psix106 28.2 | 28.2 28.2 28.2 28.2 
n 84 | 6.4 6.7 6.7 6.4 








COMPARISON OF RESULTS. 


Figs. 2, 3, and 4 show kd, f,,, £, and M as functions of h for the three beams considered. 
From these graphs, Figs. 7, 8, and 9 are plotted showing f,, and f, in terms of M for the same 
three cases. The limits within which the proposed equations apply are indicated by the bend- 
ing moment values M, and M,. The lower limit M, is the theoretical cracking bending 
moment determined from Eq. (17). The upper limit M, is the bending moment at the 
limit of stress linearity and is equal to the least value of bending moment at which either f.,, first 
attains the value f’. or f, equals f,y. In this investigation f,y for the high tensile strength steel is 
taken as 0.95 f’,. 

It should be noted that in this investigation the effect of creep on deflection has been 
neglected as the test period was of short duration. Additional investigation is underway to 
enable modification of the proposed deflection theory for beams subjected to long term 
loading. 


Theoretical deflection of the beams tested. 
Prior to cracking the whole cross-section is operative for the total length of a beam conse- 


] 


quently the moment of inertia is constant and the function 





dE, 


varies linearly with applied bending moment. When the theoretical bending moment M,, is 
exceeded cracking will commence, but while the applied bending moment is uniform this 
function will also be uniform. For any other distribution of applied bending moment, greater 


1 





than M., the function ( (f, —f,,) + nf, —fp,)) will vary non-linearly. 


dE, 
The beams tested were symmetrically loaded, consequently once cracking commences the 


1 


— ( (f, —f,.) + n‘f,. —fp,’) diagram will consist of a linear, a non-linear and a uniform por- 
dE, 


tion as shown in Fig.10. 
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For a particular loading, the ( (f£, —f...) + nif... —fp,)) diagram is integrated graphi- 


dE. 


cally to obtain the deflection and the theoretical moment deflection curves for the beams 
tested are shown in Figs. 11, 12 and 13. It can be seen from these figures that the correlation 
between the theoretical and observed deflection curves supports the proposed theory over 
a large range of prestress force. 


CONCLUSIONS 
1. Rigorous equations are derived relating kd, M, f,,, f, to h for a rectangular prestressed 
beam, after cracking has commenced. 
2. These equations are simplified for the case where the prestressing force is placed at 
the third-point of the cross-section and the effect of the small steel area on the beam pro- 
perties is neglected. 








8. A theory for deflection is proposed based on the variation of f,, and f, along a beam. 
] 
4. When the bending moment is uniform the ((f, —f,.) + n(f,., —fp,)) diagram will be 
dE, 
constant. The deflection is then evaluated analytically. 
] 
5. When the bending moment is variable the - ((f, —f,,) + n(f., —fp,’) diagram will be 
dE, 


complicated and difficult to integrate. The simplest method of solution will probably be 
graphical integration, introducing the boundary conditions to evaluate the constants of 
integration. 

6. Good correlation was obtained between the theoretical and observed deflection curves 
of all beams tested. 
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APPENDIX. 
Theoretical stresses in a particular beam. 


To explain the theory and to reduce the algebra involved, a particular beam number 2/1 


subjected to normal prestress is examined. As this beam is rectangular with the prestress 
bD 
force located at the third-point of the cross-section then fp, 0 and fp. = —. 
oP 
Eq. (11), (12), (13) and (14) can now be further simplified before calculating the beam 
stresses f, and f,,. 
Substituting in Eq. (11) 











(kd)? (22500h2 — 16796.16) + kd (13492.12 h= — 830376h) 
+ 793 203.84 h? 0 és A 
Substituting in Eq. (12) 
416.67h(kd)* 268.74(kd-h)? 
M = ss + 22500 (4-kd) 
(kd-h) h? 
374.78(kd)(4-h)(4-kd) 
- Sig td 
(kd-h) 
Substituting in Eq. (13) for the extreme compressive stress 
312.5h (kd) 
i. = —_———— os ee 
(kd-h) 
Substituting in Eq. (14) for the steel stress 
kd(d-h) 
f, = 125698.3 + 2093.75 — - «+ (4a) 
(kd-h) 


Having reduced the algebra particular values of h are assumed and kd, M, f,, and f, 
calculated from Eq. (lla), (12a), (13a) and (14a). Such values included in Table 2 are used 
to plot Figs. 3 and 8. 


TABLE 2 — Theoretical values of variables related to h. 
































h kd k ioe & e é es sg | 
in in. Ib. in. psi | psi 

3.0 4.875 1.219 56 804.8 24376 |  131,142.0 

2.8 3.891 0.973 65 666.5 3120.9 | 134,659.0 

2.5 3.078 0.769 76 046.1 4158.0 | 142,413.0 

2.2 2.508 0.627 88 663.0 5591.9 | 156,351.0 

2.1 2.346 | 0.587 94 337.0 6253.8 163,608.0 

2.0 2.194 0.549 101 340.0 7071.6 173,078.0 
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Theoretical deflection of a particular beam. 


Calculations for deflection of the previous beam are made using data from Tables | 
and 2. The results are listed in Table 3. 





TABLE 3. 








M ] 
('f, —f...) + n'f.. —fp,! 
Ib. in. dE, 
in-1 
52 500 1.73 x 10-4 
65 666 2.64 x 10-4 





76 046 3.94 x 10-4 





When the maximum bending moment is 76046lb. in., the bending moment and the 
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((f, —f..’) + n‘f., —fp,)) diagrams are as shown in Fig. 14. 
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Fig. 14 
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Graphical integration of the ((f, —f..) + nm ‘f,, —fp,) ) diagram gives the deflection 


dE, 


due to this particular load. Further values are similarly obtained and the moment-deflection 
curve plotted as shown in Fig. 12. 
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INTRODUCTION 


Due to the high cost of labor, it has been only within the past decade that prestressed 
concrete has become a competitive construction material in the United States. The material 
is now being used extensively in sections of the country where the effect of freezing and 
thawing action is an important factor with which to reckon. Although concrete under com- 
pression was generally believed to exhibit excellent resistance to weathering action, a number 
of leading Illinois prestressed concrete companies initiated tests in order to more fully determine 
its durability. 

The Durability Test Program was undertaken by the Illinois Prestressed Concrete Associa- 
tion in collaboration with the Prestressed Concrete Institute. In addition, the Corps of Engineers 
is preparing to run brine tests on prestressed beams loaded in flexure. These beams are set 
in the tide wash along the coast of Maine, and will probably be under test for two years. 

The investigation reported herein is fundamentally concerned with the durability of pre- 
stressed concrete in regard to freezing and thawing action. Some provisions were made to 
study the creep in the loaded concrete specimens undergoing the tests. 

Work on this particular project began during the summer of 1958 at Midwest Prestressed 
Concrete Company’s plant at Springfield, Illinois. A group of test specimens were programmed 
in an attempt to determine the effect of three primary variables on the durability of 200 
prestressed concrete beams 3 by 4 in. in cross section by 32 in. in length. Programming was 
conducted in a manner to include the following variables: Level of stress in the concrete, 
method of curing (moist and steam), and type of cement (Type I and Type III). The test 
specimens were prepared in five series of 40 beams each. The test results obtained from any 
one series of 40 beams should then be very suggestive of the results to be obtained by testing 
the entire group of 200 beams. Consequently, it would be feasible to test only two or three 
series and be able to obtain an indication of the durability of the specimens. Compressive 
strengths of molded concrete cylinders were obtained at frequent intervals during the pre- 
paration of each series. 
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To facilitate molding of the beam specimens, a special prestressing bed was developed. It 
is discussed herein because of its uniqueness and importance in the preparation of all test 
specimens used in the investigation. 

A lengthy discussion concerning preparation of the test specimens is included in the text, 
since the procedure employed is believed to be unique and may therefore be of interest to 
the reader. 

The testing procedures conformed as nearly as practicable to ASTM specifications. All 
beams tested were subjected to a minimum of 400 fast cycles of freezing and thawing. The 
dynamic modulus of elasticity, weight, and length change over a 10-in. gauge length were 
periodically recorded for each beam tested as an aid in determining the effects of the variables 
on the durability. 

Time permitted the testing of only two series of specimens; therefore, results presented, 
analyzed, and discussed in the investigation are concerned primarily with these two series. 


PROGRAMMING OF TEST SPECIMENS 


Variables 
In an attempt to determine how certain factors affect durability of prestressed concrete, 


a group of test beams and cylinders was programmed to include three major variables con- 
sisting of: 


1. Level of stress in the concrete. 
2. Method of curing. 
3 


. The type of cement. 


The variables were introduced so that their effects could be studied on the basis of speci- 
mens made within the shortest possible period of time. It has been found that the variability, 
or so-called error of testing, is much greater for mixtures made over an extended period than 
for mixtures produced over a short interval, and may be so great that it tends to obscure 
the effort of the variables which are the subject of the study. 

Level of stress in the concrete. The stresses in the concrete beam specimens were pro- 
grammed to vary by 500 psi increments beginning with zero psi and ending with 2000 psi. 
Such a range of stresses should provide an indication of what effect different levels of stress 
have on the durability of the specimens. It should be understood that while undergoing tests 
the beams were not subjected to eccentric loads which could produce flexure and thus possible 
cracking of the concrete. The beams were prestressed by the pretensioning method in a 
manner such that the compressive stress distribution within the specimen should be symmetric 
with respect to the horizontal and vertical axes of the beam. 


Method of curing. In acutal prestressed construction practice, it is not economically practical 
to have a prestressing bed occupied with curing concrete for any lengthy period. Of course, 
the concrete need not attain its full design strength, which is assumed to require 28 days, but 
must be strong enough to transfer the force in the steel to the concrete through bond, and 
also to carry any stresses caused by handling. Since the use of steam curing is one of the 
means used to attain a reasonably high strength concrete in a comparatively short period of 
time, a comparison between moist and steam curing methods generally in use was included 
in the tests. One-half of the specimens programmed for the tests were moist cured, whereas 
the remainder received a combination of steam and moist curing. 


The type of cement. High-early-strength cement may be employed along with steam and/or 
moist curing in developing the high strength concrete required for removal of the concrete 
from the prestressing bed. Type I and Type III portland cements were used in an equal 
vumber of specimens to compare their effects on the durability and creep of the loaded 
concrete. 


Constants 


The factors which were held as constant as possible throughout the investigation may 
itemized as follows. 
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. Dimensions of specimens. 

. Comparative specimens from each series and batch of concrete. 
3. Mixture design. 

. Curing period. 


Dimensions of specimens. Since the pretensioning method of prestressing was _ utilized, 
the specimens had to have a sufficient transmission or transfer length to develop the required 
stress through bond between concrete and tensioning strand. Conversely, the beams had 
to be of a size to accommodate the freeze and thaw apparatus, and light enough in weight to 
be readily handled by hand. The limitations of the mechanical freeze and thaw apparatus 
necessitated that the specimens be made no larger than 3- by 4-in. in cross section by 32 in. 
in length. Two %-in. diameter strands were positioned relative to the beam as shown in 
Plate I. To insure that the beam specimens atained the proper stress over a greater part of 
their length, cable clamps were attached to each strand at the ends of the specimens to 
function as bond increasers, thus reducing the transfer length. 

The specimens prepared for compressive strength studies were 6- by 12-in. cylinders. 


Comparative specimens from each series and batch of concrete. The group of test speci- 
mens was programmed into five series, each series containing 40 beams, thus giving a total 
of 200 test beams. Each series possessed the same variables and was placed on days ap- 
proximately at one week intervals. Theoretically, the test results obtained from any one 
series of 40 beams should be indicative of the results to be gained by testing the entire group 











32" 





PLATE | 


Isometric view of beam specimen showing positioning 
of steel strand. Bond increasers attached to 
each strand at ends of specimen are not 
shown in view. 


of 200 beams. Accordingly, it would be feasible to test only those series which time per- 
mitted, and be able to obtain an indication of the durability of the specimens. 
The table 1 is a tabulation showing the programming and number of beams in one series. 


Table 1. Programming of beam specimens for each series. 
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It shall be noted that each series cortains two beams representing each condition to be 
studied; after five identical pours, there would exist ten specimens for each condition to 
he investigated in the durability tests. For instance, upon completion of molding five series 
of specimens, ten beams are acquired having 1000 psi stress, Type III cement, and moist 
curing; also ten beams having 1000 psi concrete, Type III cement, and steam curing, etc. 

Since the investigation was to extend over a prolonged period, ten zero psi concrete 
beams obtained for each cement and type of curing were included as standards of comparison. 
These particular beam specimens are strictly comparable to each set of ten beams represent- 
jing any other condition. 

The test beams are not of the same age; however, this should not really matter, since the 
tests were not started at an early age. The specimens’ attainment of considerable age before 
the testing operation began should minimize the effect of differences in age. Actually, all 
specimens may be considered as being made on the same day; that is, on a day that repre- 
sents the average of the five weeks of pour. 

Table 2 illustrates the programming of the test cylinders used in the compressive strength 
investigations. 


Table 2. Programming of cylinder specimens for each series showing breaking plan. 
Age : Type I cement Type III cement 
days : Moist Steam Moist : Steam 


Eighteen cylinders were molded for each type of cement and method of curving giving 
72 cylinders per series or a total of 360 for the five series poured. Cylinder breaks were 
made at 1, 2, 3, 4, 7, 14, and 28-day intervals for each series poured to determine the 
effect of type of cement and curing method on the compressive strength of the concrete. 


Mixture design. The design of the mix used for all durability test specimens and other 
pertinent information concerning the mix may be found in the appendix. 

Types I and III portland cements were obtained from the same manufacturer. Cement 
content was maintained at 7 bags per cubic yard. This is a figure comparable with that used 
in prestressed construction practice. 

The coarse aggregate was a crushed limestone with 1 in. maximum size. A fineness modulus 
of 2.47 was recorded for the sand used as fine aggregate. Both aggregates were stockpiled 
and weighed to obtain the desired proportions of 1%: 3. 

The only mixer readily available to mix the desired % cubic yard batch was a 4 cubic yard 
truck mixer. A scheme was devised whereby this mixer could be satisfactorily used through- 
out the test. 

An attempt to maintain the entrained air content and slump of the fresh concrete at 4 
per cent and | in., respectively, was met with limited success. 


Curing period. All specimens were accorded the same curing period of 3% days. Steam 


was applied to the appropriate specimens for 13 hours, and then the beams and cylinders 
were moist cured to the completion of the curing period. The remaining specimens, of course, 
were subjected to moist curing throughout the curing interval. 
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DEVELOPMENT OF PRESTRESSING BED AND COMPONENTS 


Construction of Prestressing Bed 


To facilitate molding of the test specimens, a spécial prestressing bed was designed and 
constructed. The bed had to withstand the pretensioning loads, accommodate 40 beams 
plus 72 cylinders arranged in accordance with the programming, and provide for steam 
and moist curing specimens. 

The bed constructed to meet these requirements is illustrated in Plate II. The reinforced 
concrete bed, weighing approximately eight tons, was cast upside down and later inverted 
to its upright position. A bulkhead divided the interior into two compartments; one side for 
steam and the other side for moist curing. Styrofoam, 1%-in. thick, was sandwiched in the 
center bulkhead to provide insulation against heat transfer from the steam side to the moist 
compartment, Stuffing was placed in the strand portals prior to introducing the steam. 

The floor of the bed and 3- by 2- by 3/16-in. angle iron with 3-in. legs spaced 4-in 
back to back served as beam molds. Five lines of these molds were aranged in the longitudinal 
direction with room being left on the sides to store the cylinders during the curing period. 
The angle iron forms were fastened to the concrete bed by anchor screws with one side of 
the form left stationary while the other side was moveable to facilitate removal of beam 
specimens. The five lines of molds, one for each programmed stress level, contained eight 
beams each. Metal bulkheads, %-in. thick, were spaced at proper intervals to provide for 
the 32-in. beam length. Each bulkhead was perforated to permit passage of the prestressing 
steel, and was held in position by a metal pin and bolt inserted behind the plate (Fig 16, 
Appendix). 

Steel strand was fixed at a position coincident with the horizontal axis of the beam by 


PLATE Il 


Isometric view of prestressing bed used in preparation 
of specimens. Details not shown. 


Strand-Vises abutting against a steel plate and a strand guide system cast into an end concrete 
bulkhead. The other end bulkhead contained a similar plate and strand guide system; how- 
ever, larger bearing plates were welded to the plate-guide system to provide a firm tensioning 
base for the jack. 
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The casting bed was located in a position subject to the warming rays of the sun. To 
prevent the freshly poured concrete beam specimens from setting rapidly because of being 
placed in warm molds, a tarpaulin canopy was erected several feet above the bed (Fig. 18, 
Appendix). 


Method of Prestressing 


The force for tensioning the steel strand was supplied by a specially developed screw-type 
jack which, when incorporated with a load cell, provided an accurate method of applying 
the required load to the strands. Since a force of 12,000 lb. per strand was required to 
yield 2000 psi prestressed concrete specimens, the jack was sturdily constructed. Plate III 
shows an exploded view of the jack components. 

Each strand at the tensioning bulkhead was grasped by the jaws of a threaded Strand-Vise. 
The jacking stool, containing the jacking screw, was positioned against the bearing plate and 
the draw pin threaded into the Strand-Vise. A load-cell, used in determining the load applied 
to the strand, was then placed on the oposite end of the draw pin followed by a washer and 
bearing nut. The keeper washer was placed between load cell and jacking screw to eliminate 
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PLATE Ill 


Exploded view of pretensioning components 
used in specially developed screw jack. 


the torsional effect on the cell produced by the jacking screw during tensioning operations. 
The jacking screw was turned by a hand wrench until the proper load had been applied to 
the strand as evidenced by the load-cell strain readings recorded with a Baldwin SR-4 Strain 
Indicator (Figs. 13 and 14, Appendix). Metal shims, slotted to fit over %-in. diameter strand, 
were placed between the Strand-Vise and adjusting screws located in the bearing plate in 
order maintain the requisite elongation. Remaining slack was removed by tightening 
the adjusting screws. The jacking screw was then turned in the opposite direction 
until the strand load was transferred to the bed, whereupon the jack was removed by un- 
screwing the draw pin from the Strand-Vise thus leaving one strand completely tensioned. 
This procedure was then repeated until all strands were tensioned the desired amount. 
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PREPARATION OF TEST SPECIMENS 


Preparation of Bed 


Prior to molding the specimens, the bed floor, molds, and plate bulkheads were coated 
with form oil. Paper covering was temporarily placed between the two sides of the molds 
while %-in. diameter steel strand was threaded through the strand positioner guides imbedded 
in the tensioning end bulkhead. Eight plate bulkheads together with the 16 cable clamps bons 
increasers reuired for one line of molds in one compartment, were threaded on the two 
strands used in each of the five lines contained in the prestressing bed. The strands were 
then pulled through the center concrete bulkhead portals, and the remaining plate bulk- 
heads and clamps were placed on the strands before the tensioning steel was passed through 
the strand positioner guides and anchored to the stationary end bulkhead with Strand-Vises. 
The strands were positioned coincident with the horizontal axis of the beam. 

New tensioning forces were applied to the strands by a screw-type jack in the manner de- 
scribed on page 107. Strands in the center line molds were tensioned to produce 2000 psi pre- 
stressed concrete with zero psi, 1500 psi and 1000 psi, 500 psi, lines running on the opposite 
sides of the center line. Only tension large enough in magnitude to eliminate most of the sag 
in the 27 ft. length of steel was applied to the zero psi line. 

Gauge plates were used to insure proper spacing of the metal forms relative to the strands 
after tensioning operations were completed. Plate bulkheads were positioned along the lines 
at 32-in. intervals with adequate space left between ends of beams to allow fastening the 
plate in place with a metal bolt and pin, and to allow eventual severing of the strands bet- 
ween beams. Preparation of the bed for molding one series of specimens was completed 
after bond increasers were fastened to each strand approximatly 1%-in. from the beam 
ends. (Figs. 15 and 16, Appendix) 


Molding of Specimens 


Two % cu. yd. batches were required to mold each series containing 40 beams for durability 
testing and 72 cylinders for compressive strength studies. Type I cement was used in the 
first batch, and Type III in the last of the series pour. 

The stockpiled aggregates were weighed to obtain the proper proportions and deposited, 
via wheelbarrow and ramp, into a cubic yard capacity bucket. A lift truck was utilized to 
deposit the contents of the bucket together with Type I cement into the 4 cu. yd. transit 
mixer used to mix the concrete throughout the tests. Water containing approximately 90 cu cm 
of Darex AEA was added uniformly to the mix, and the load mixed for 50 revolutions of 
the drum. The batch was slowly agitated during the molding of the specimens. 

Slump tests and entrained air measurements, by the pressure method, were taken at the 
beginning, middle, and end of each batch pour. An attempt was made to maintain the en- 
trained air content at 4 per cent. The addition of an amount of Darex AEA to produce this 
air content was not always accomplished with a high degree of accuracy as evidenced by the 
fact that the air content ranged from an average reading of 3.3 to 4.8 per cent. This, how- 
ever, is well within the tolerance of plus or minus 1% per cent allowed by most specifications. 
The average entrained air content for the 10 batches poured was 3.8 per cent. Originally, 
the water content was to be maintained at 4.3 gal. per bag of cement, but this was varied 
somewhat to increase workability of the concrete. Slump readings ranged from a_ batch 
average of %-in. to one high reading of 2%-in. 

The concrete was shoveled into the forms and around the strands, and then was thoroughly 
vibrated into all void spaces with a hand vibrator. The top surface of the beams was hand 
troweled to a smooth, flat surface. 

Coincident with casting the 20 beams containing Type I cement, 36 cylinders were molded 
in a nearby room and were later transferred to the bed for curing. The 6- by 12-in. fiber 
cylinder molds were filled in three lifts; each lift being vibrated with a small hand vibrator. 
The exposed surface was hand troweled smooth and flat. 

When the first batch had been poured, the mixer was cleaned, and another % cu. yd. 
load was prepared using high-early-strength portland cement. After the initial air and slump 
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tests were taken the remaining 10 keam molds in each comnertment of the bed were filled 
with concrete, vibrated, and hand troweled. Likewise, 36 cylinders containing the Type III 
sement were molded and then moved to the bed for curing. An average time of 40 minutes 
elapsed between the initial and final air and s!'ump tests made on any one batch. An additional 
60 mirutes were reeded to prepare the batch containing Type III cement. 

The irsertion of wooden blocks between the tensioning steel helped to damp out strand 
vibrations caused by vibration cf the |-st 20 beams, thus preventing injury to the Type I 
specimens which were starting to set. 

Since it was initially desired to study the shrinkage and creep in the loaded concrete, 
an attempt wes made to place, in the beams cf Series I, brass measuring plugs on a 10-in. 
gauge lergth with the intent of using a 10-in. Whittemore strain gauge to determine the 
changes in gauge length. Difficulty was encountered with inserting the brass plugs into the 
fast-setting, low slump concrete. The plugs could not be irserted deeply enouvh in the beam 
before striking large aggregate. For this, and other reasons, it was decided to install the 
measuring plugs prior to testing. This eliminated the opportunity for shrinkage studies 
between Type I and III cements, but did provide for creep investigations while the specimens 
were undergoing tests. 


Curing and Storage 


After all specimens were poured and the cylinders placed along the interior sides of the 
curing bed, two and three layers of moistened burlap were placed over the specimens in 
the steam and moist compartments, respectively (Fig. 17, Appendix). When the concrete had 
attained an initial set after approximately three hours, the steam was injected into the steam 
compartment for a period of 13 hours. The steam was transferred from the boiler to the bed 
by a hose and pipe system with the pipes placed between the lines of molds. A tarpaulin 
was draped and anchored over this compartment during the steam-curing period. In all cases, 
soaker hoses were placed on the burlap covering the specimens to insure keeping the bur- 
lap moist. 

During the curing of Series I and Series V, an accurate 14-hour temperature record in 
the steam and moist compartments, and in certain beams of each compartment, was obtained 
by a continual recording temperature potentiometer. Under tentative plans, the temperature 
in the steam side would have been increased to 140° F at a rate of rise less than 40° F per hour. 
The actual temperature was somewhat lower than that planned. Thermocouples in the steam- 
cured beams revealed a temperature of approximately 125° F, while the temperature in the 
steam compartment was approximately 130° F in both recorded series. Moist-cured beams, in 
a compartment open to outside air, maintained a temperature of 75° F throughout the recorded 
period. The temperature in all series for the 14-hour interval should approximate those obtain- 
ed in Series I and Series V, although the recording instrument was not available on the other 
days of pouring. 

Upon termination of the steam-curing period, the cylinders were stripped of their fiber 
molds, and one moveable beam form in each line was loosened and parted from the beams 
te allow better curing. All specimens were allowed to finish the 3%-day curing period under 
moist conditions. 

Before the specimens were removed from the bed, they were carefully identified in 
accordance with the notation shown in the appendix. Each specimen was referenced by this 
notation throughout the tests. 

At the finish of the curing period, the concrete had far surpassed the 4000 psi strength 
specified to safely enable the transfer of force from strand concrete. Since a trial series of 
beams had been poured previously, to test the tensioning, molding, and beam removal techni- 
que, it was known that the strands could be cut with an acetylene torch without producing 
undesirable effects on the beams of small cross section. After removal, the strands were burn- 
ed flush with the %-in. thick plate bulkheads, thus enabling the plate to be readily removed 
for re-use. Heat transferred from the steel plate to the concrete was thought to have no 
detrimental effect on the specimen. 

Two cylinders representing each of the cement types and method of curing in each 
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series, or a total of eight cylinders per series, were submerged in water maintained at 70° F 
to obtain their 28-day potential. The remainder of the specimens were prepared for shipment, 
and stored at room temperature and humidity. 

Essentially the same preparation procedure was- followed throughout the five series which 
were molded as rapidly as posible. Considering that it required two days to remove the 
specimens and prepare the bed for the next pour, plus a 34-day curing interval, series pours 
were made at approximately one week intervals. 


TESTING PROCEDURE 


Upon completion of Series V, all beam specimens were transferred to Kansas State 
University, Manhattan, Kansas, to undergo rigorous durability testing. 

Inasmuch as the gauge plugs inserted in Series I beams did not provide sufficient ac- 
curacy to measure the change in gauge length for creep studies during the tests, plugs fashion- 
ed 1%-in. in length from %-in. diameter brass stock were installed with a neat cement in 
the Series II specimens. 

After the preparatory work and initial test readings were recorded, Series II specimens 
were placed in the freeze and thaw apparatus (Plates IV and V) to undergo a minimum of 400 
repetitive fast cycles. These tests were conducted as nearly as practicable in compliance with 
ASTM Specification C291-527 for the “Tentative Method of Tests for Resistance of Concrete 
Specimens to Rapid Freezing in Air and Thawing in Water.” The freeze and thaw method 
of testing durability was intended to determine the effects of variation in the properties of 
concrete on the resistance of the concrete to the freezing and thawing cycle specified in 
the method. 





PLATE IV 
Freezing and thawing apparatus used in tests. 
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PLATE V 


Subseries of beams shown in position within one of the two freezing 
and thawing compartments of the machine. 


During the freezing period of the cycle, the temperatures in the beams were reduced 
from 40° F + 3° F in a 3-hour period of time. The temperature at the center of the 
specimens during the thawing phase of the cycle was raised from 0° F + 3° F to 
40° F + 3° F in a time of one hour. This made possible six complete cycles every 24 hour 
period. 

The proper cyclic period was established by use of temperature potentiometer readings 
taken from a thermocouple installed in the center of a beam specimen. Temperatures in the 
freezing compartments dropped to —3° F in 1% hr. and were maintained at this level for 
another 1% hr. which was a sufficient period to permit the specimens to attain the proper 
temperature. The thaw water, which was automatically pumped from the water reservoir to 
the freezing compartment at the end of the freeze cycle and back to the reservoir at the 
termination of the thaw cycle, was maintained at a temperature of between 40° F and 50° F. 

Specimens were removed from the apparatus at intervals of 50 cycles and transferred 
to the testing laboratory, (Plate VI). Determination of dynamic modulus of elasticity according 
to ASTM Specification C215-55T for “Fundamental Transverse Fequencies of Concrete Speci- 
mens,” weight change, and change in gauge length measured with a 10-in. Whittemore gauge, 
aided analysis of the effect the freezing and thawing had on the durability of the specimens. 

In order to alleviate the continual change in weight of the specimens due to absorption 
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of water during the thaw cycle, the beams were first read dry, and then submerged in wi 
for approximately two weeks whereupon readings were again taken. Weight difference 
tween dry and wet beams averaged approximately 0.5 Ib. An increase in length was prevalent 
also.The saturated specimens were then placed in the baskets, lowered into the freeze and thaw 
compartments, and subjected from 2 to 10 cycles, after which the beams were removed and 








PLATE VI 


Apparatus used in testing for durability of specimens. 
From left to right: Oscilloscope, Frequency Meter, Scales and Driver. 
Beam is shown in position for testing. 


tested. The readings thus recorded were taken as the initial values and all succeeding read- 
ings were referenced to these. An individual durability record was kept for each beam specimen 
tested. 

During subsequent sonic, weight, and gauge-length testing occasions, a basket containing 
a subseries of specimens at a temperature of 40° F was removed from the apparatus and 
transferred to a laboratory maintained at approximately 70° F. Since each beam was read 
individually, the subseries of specimens in each basket would slowly begin to warm. The 
specimens were, therefore, read in the same order as on the day when their initial readings 
were obtained. This procedure was designed to minimize any error, due to temperature 
differential, in gauge readings relative to preceding measurements. This error would arise 
if the beams were not tested in an orderly fashion as a consequence of the expansion of the 
specimens with increased temperature. 

Series II was followed by Series III after the former specimens had been subjected to 
400 cycles. Measuring plugs were installed in the beams of Series III and the tests were 
conducted in much the same manner as in Series II. 

After Series III specimens had attained 400 cycles of exposure, a revised series com 
posed of certain stress levels of Series Il and Series III beams underwent 400 additional 
cycles. This gave the beams shown in Table 3 a total of 800 fast freezing and thawing cycles. 
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Table 3. Revised series of specimens subjected to a total of 800 cycles. 
Series : Stress Level 
II 0 
2000 
Ill 0 
1000 
2000 





The tests have been discontinued for the present; however, the beams are available 
for further investigation, if this seems desirable. 


EXPERIMENTAL RESULTS 


Age-Strength Relationships 


Analysis of how the variables of type of cement and method of curing affected the 
compressive strength of the concrete is given in Figs. 1 through 12. Compressive strength 
of the concrete was plotted againsts age in days from the data available in Table 7 of the 
appendix. Results for Series II and Series III are presented separately, with consideration 
being given to the combined compressive strength tests of all five series. 

Series II. Examination of Figs. 1 and 2 for the first series tested indicates the existence 
of a strength differential between the concretes made with Type I and III cements in favor 
of the latter, as would be expected from tests at early ages. Steam curing resulted in some- 
what increased strength at early ages, but otherwise exhibited no great advantage over the 
moist-cured specimens, (Figs. 3 and 4). Both batches of concrete of Series II had an average 
air content of approximately 3.4 per cent, and a slump measurement of %4-in. 

Series III. The results for Series III shown in Figs. 5 through 8 are somewhat different 
from those of Series II. There seems to be no essential strength difference between concretes 
made with Types I and III cements. These results can be partially explained upon observation 
of the air contents and slump measurements recorded for Series III during the molding 
operations. The first batch showed an air content of four per cent, with an average slump 
of %-in. Readings for the second batch containing Type III cement were 4.8 per cent air 
and 2%-in. slump. The loss of strength due to the combination of increased air content and 
water-cement ratio in the second batch, accounts largely for the erroneous impression given 
by Figs. 5 and 6 that there is no early age strength advantages to be offered by use of Type III 
rather than Type I cement. 

Steam curing resulted in an increased strength at early ages, as it did in Series II; al- 
though Figs. 6 and 8 indicate no advantage over the moist-cured specimens as the age in- 
creased. 


Combined Series. Figures 9 through 12 show a graphical representation of the combined 
compressive strength data for all five series. The resulting Figs. 9 through 10a again show 
the existence of an early age strength differential in favor of the concrete specimens repre- 
senting Type III cement. Steam curing produced a slight strength increase during early 
curing stages but otherwise showed no advantage over the moist cured concrete, (Figs. 11 
and 12). 

Generally, 400 psi strength concrete was obtained by the second day of curing, although 
the specimens which were prepared from Type I cement and moist cured, required three 
days to develop such a strength. In three of the five series poured, those specimens contain- 
ing Type III cement which were steam cured developed sufficient strength within one day 
after molding to safely enable the force in the steel strand to be transferred to the concrete. 
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Durability of Prestressed Concrete in Freezing and Thawing 


As mentioned previously, the specimens used in the freeezing and thawing tests were 
prestressed concrete prisms with a 3- by 4-in. cross section, and 32-in. length. The 40 beams 
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in each series tested were subjected to 400 repetitive fast cycles. The dynamic modulus of 
elasticity were determined periodically to observe the degree of reduction from the initial 
modulus which would give an indication of the deteriorating effect of the freezing and 
thawing. Time permitted only the testing of specimens from Series II and Series III. Results 
of these tests are recorded in Tables 8 through 10 in the appendix. Generally, readings were 
taken after every 50 cycles. However, since no large variation from the initial modulus or initial 
gauge length occurred, the observed values are reported only every 100 cycles to facilitate 
condensation of the tables. 

The dynamic modulus of elasticity was calculated as follows: E = CWn? where E is 
the dynamic modulus, C is a constant for any one specimen (C = 0.7875), W is the weight 
of the specimen in pounds, and n is the fundamental transverse frequency of the beam in 
cycles per second. 


Series II. Tables 8 through 8c pertain to the observed test readings for specimens of 
Series II. Examination of this data reveals that the soundness of the specimens on the 
basis of the dynamic modulus of elasticity determination appear very satisfactory. Atter 
400 cycles of freezing and thawing, the durability factor of all beams was approximately 100 
per cent. Needless to say, the effects of the introduced variables (level of stress in the con- 
crete, type of cement, and method of curing) on the durability of the prestressed concrete could 
not be differentiated, or indeed, even noticed. There was no apparent visual deterioration 
of any of the beam specimens after having been subjected to 400 cycles, and only a negli- 
gible loss in weight. 

Midway through the tests, difficulty was encountered with the testing apparatus used 
in obtaining the fundamental frequency of the beam specimens. This accounts for the 
numerous blanks found under the dynamic modulus heading in Tables 8a through 8c. Rather 
than stop the freezing and thawing tests while the trouble was being corrected, it was decided 
to continue with the periodic readings during which weight and gauge lengths could still 
be recorded. 


Series III. Information concerning dynamic modulus and weight of Series III specimens 
is given in Tables 9 through 9c. The results generally reflect those of Series II in that the 
soundness of the specimens, on the basis of their dynamic modulus, appear to be very satis- 
factory after 400 cycles. The weights of the specimens remained essentially constant through- 
out the 400 cycles of exposure. 

The results thus far are closely in agreement with those obtained by the State of 
Illinois, Bureau of Materials. The Bureau conducted tests to study the early-age-strength 
development of concrete made with Type III cements. For these tests, a number of 3- by 4- 
by 15-in. beams were made containing crushed stone coarse aggregate, and having a cement 
content of 5.8 bags per cubic yard of concrete. These were subjected to 400 fast freezing 
and thawing cycles. The concrete had an entrained air content of approximately 4.2 per 
cent and a slump of 2.75 in. Of the nine different brands of cement tested, only specimens 
made from each of four different cements experienced any apparent deterioration on basis 
of dynamic modulus of elasticity readings taken after periods of repetitive freezing and 
thawing. Of these four, specimens containing two of the cements that were tested had a final 
modulus which was 96 per cent of the initial, while readings of specimens made from the 
other two cements were 99 per cent of the initial modulus. Beams containing any one of the 
remaining five Type III cements encountered no reduction in dynamic modulus after 400 
cycles. 

Only one brand of cement was used in this investigation with the cement content being 
maintained at 7.0 rather than 5.8 bags per cubic yard of concrete. Slumps were generally lower; 
however, the amount of air-entrainment approximated that used in the tests conducted by 
the Illinois Bureau of Materials. 


Special Series. A special series composed of beams of various stress levels from Series 
II and III was subjected to 400 additional cycles. Examination of dynamic modulus values 
in Tables 10a through 10b reveals that the soundness of all specimens is quite satisfactory. 
The only visual deterioration noticeable after 800 cycles was a slight surface spalling of 
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the beams. This, however, was not excessive nor more prevalent for specimens containi 
Type III cement than for those representing Type I cement. 

Prior to testing the special series, four 1- by 2- by 16-in. specimens were cut from two 
of the regular test beams of Series III. One beam contained Type I cement, and the other 
Type III. These smaller specimens were then subjected to the 400 additional cycles with no 
visible deterioration occurring. 

It may be noticed that the beams of Series II, zero psi stress level, have a comparatively 
lower dynamic modulus for the 400 (dry) readings. Close examination of the beams revealed 
minute cracks perpendicular to the longitudinal axis of the specimen. The probable explanation 
or cause of the cracks is that the beams received a severe shock after they had undergone 
100 freezing and thawing cycles. There was no apparent visual damage at the time nor did 
the dynamic modulus readings change abruptly. After Series II had been subjected to 400 
cycles, the specimens were stored at room temperature and humidity. As the beams dried, 
the cracks began to open and were noticed only after the frequency readings of the dry 
specimens were taken. It will be noticed that the modulus returns to approximately the initial 
reading after the beams have been submerged in water, indicating that the cracks closed 
due to the expansion of the concrete. Additional freezing and thawing appears to have little 
effect on the modulus as recorded after the 400 (wet) reading. The cracks were not noted in 
the few prestressed beams which were subjected to the same shock. 

Since the prestressing steel is in rather small quantities, corrosion is to be a serious 
consideration in the durability or permanence of prestressed concrete. Generally, the cover 
problem is not so critical as in reinforced concrete because even if over-loading occurs, 
any resulting cracks in the section will close upon removal of the load. 

Upon stripping the steel from a number of beams that had undergone 800 freezing and 
thawing cycles, it was found that not even the slightest hint of corrosion existed. 

Examination of prestressed structures in France and England also indicate that prestress- 
ed concrete can be used with every confidence, (1). In France, prestressed transmission line 
poles designed by Freyssinet more than 30 years ago were found completely free of corrosion 
troubles. Prestressed beams made in England during 1940 were also examined but indications 
are that with the use of good quality materials, corrosion problems are not likely to occur. 


Creep Investigations 

Series II. Referring again to Tables 8a through 8c, it is noticed that throughout the tests 
of Series II there is but little variation from the initial gauge length of the specimens. Closer 
examination of the data compiled in Table 4 indicates that a number of trends may exist, 
however. 

There appears to be a general increase in length of the specimens representing Type | 
cement, and also those specimens representing Type III that were subjected to little or no 
prestressing. However, the specimens containing high-early-strength cement that were sub- 
jected to a prestressing load of 1000 psi or greater, showed a decrease in length during the 


Table 4. Index of change in length of Series II specimens (x 10-4 in.) (average of length changes 
observed at 50, 100, 150, 200, 250, 300, 350, and 400 cycles.) 








Moist Cured Steam Cured 

















Stress Type I Type III “Type I Type III 
0 + 3.00 + 4.29 + 4.29 + 3.29 
500 + 5.29 +1.14 +415 2.72 
1000 + 0.14 2.00 + 1.71 — 3.29 
1500 + 0.57 — 1.29 — 0.43 — 2.29 
2000 + 0.86 — 1.00 +2.14 — 0.28 








tests. Since the prestressing force tends to cause creep while freezing and thawing tends to 
cause expansion of concrete, one authority interpreted the observed decreases in length as an 
indication of greater creep in the concrete made with Type III cement than in the concrete 
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made with Type I cement. While agreeing that this conclusion may have some merit, another 
authority pointed out that on the information available, it could be just as easily concluded 
that the Type III cement concrete was of a superior quality that showed very little expansion 
in the freezing and thawing tests, and consequently an apparently greater contraction because 
of creep. 


Series III. The results of the creep investigations representing Series III are given in 
Tables 9a through 9c. No very definite trend is observable in the changes of length of the 
specimens during the freezing and thawing tests (Table 5). 


Table 5. Index of change in length of Series III specimens (x 10-4 in.) (average length 
changes observed at 50, 100, 150, 200, 250, 300, 350, and 400 cycles.) 


Moist Cured Steam Cured 
Stress Type Bi ‘Type Il Type I Type II 


0 - 4.29 - 1.67 + ().25 +115 
500 + 3.86 + 0.33 +1.17 + 3.65 
1000 + 7.00 11.78 — 0.7] + 8.60 
1500 0.14 + ().20 + 1.38 3.38 
2000 - 1.00 + 3.88 + 4.17 ~ 0.62 


Deterioration of the neat cement used in fastening the gauge plugs in the specimens of 
Series III resulted in the loosening of a number of the plugs after approximately 150 cycles 
of freezing and thawing. Whenever a loose plug was discovered during measurement of the 
gauge length, the specimen was removed from the tests for 50 cycles at which time the plugs 
were reinserted. The beam was then introduced back into the tests at the time of the next 
periodical reading. An account was kept of the cycles each beam missed, which was generally 
only 50, and the tests were continued until all beams had been subjected to 400 cycles. 

Since many of the gauge length readings had a tendency to be rather erratic, and evidently 
did not represent the true action of the concrete, they were omitted from the tabulations 
of changes of gauge length given in Tables 9a through 9c. For this reason, plus the increased 
chances for experimental error, the creep data obtained for Series III should not be regarded 
as having much significance in determining the effect of the two types of cement on creep 
action of the concrete. 

It was believed that cement used in inserting the measuring plugs in Series III was 
partially hydrated or otherwise defective. The troubles previously described were not ex- 
perienced with the specimens of Series II nor with those of Series III after the plugs had 
been reset. 

Special Series. Table 6 is obtained from Tables 10a through 10b, which contain the 
experimental results for the special series comprised of beams of both Series II and III. 


Table 6. Index of change in length of special series specimens (x 10-4 in.) (average of 
length changes observed at 450, 500, 550, 600, 700, and 800 cycles.) 








Moist Cured Steam Cured 





Series Type I Type III “Type I 
II — + 3.00 
Ill + 2.00 + 5.40 + 3.: + 0.00 
Ill + 2.00 + 0.17 , — 1.80 
II + 1.50 + 1.33 ; + 2.00 
Ill + hii + 2.33 + 1.5 + 0.17 











Even after being subjected to 800 cycles there appears to be but small changes in any 
of the specimens 10-in. gauge length. In fact, it is quite conceivable that experimental errors 
made in reading the gauge length could account for most of the variances, considering that 
even 5.4 x 10-4 in. is not much length change over a 10-in. gauge length. 
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CONCLUSIONS 


The foregoing presentation and discussion of test results gives an indication of the 
advantages to be gained by the use of high-early-strength cement and steam curing. Suf- 
ficient strength will usually be generated in one day to allow the concrete to be removed 
from the prestressing bed. The concrete specimens using Type I cement required two, and 
sometimes three days to develop a 4000 psi compressive strength. Specimens representing 
Type III cement generally tended to give higher compressive strengths than those specimens 
containing Type I cement, even after 28 days had elapsed. 

The soundness of all beam specimens after being subjected to 400 and as many as 
800 fast freezing and thawing cycles was very satisfactory. The effects of the introduced 
variables (level of stress in the concrete, type of cement, and method of curing) on the 
durability of the concrete could not be differentiated or, indeed, even noticed. In no instance 
was the final dynamic modulus less than 97 per cent of the initial modulus. Slight scaling of a 
number of the beams after 800 cycles was the only visible deterioration noticed due to 
alternate freezing and thawing of the specimens. The weight loss due to this scaling was 
nominal. 

Creep investigations conducted on the prestressed concrete beams undergoing the 
freezing and thawing tests did not result in any significant or consistent information regard- 
ing the effect of Type I as compared with Type III cement on the creep of the loaded concrete. 

In Series II, a slight tendency for the beams representing Type III cement that were 
subjected to 1000 psi stress or greater to contract during exposure to freezing and thawing, while 
the remaining specimens tended to expand, brought forth the speculations that perhaps, 
since freezing and thawing causes expansion and compressive forces tend to cause creep 
in the concrete, there was greater creep in the concrete made with Type III cement than 
in concrete made with Type I cement. However, results from neither Series III or the 
special series that was subjected to 800 cycles showed indications of verifying this trend. 

Actually, the observed changes in gauge length with respect to the initial gauge readings 
were quite small for all beams tested. Much of the variation can possibly be attributed to 
errors in testing which will certainly be present in investigations of this nature 

The strength, mixture design, and handling of the high quality concrete used in this 
investigation was very similar to that used in most actual prestressed concrete construction 
practice. It could be concluded, on the basis of these tests, that such concrete, particularly 
when under compression, is a highly durable construction material from the standpoint of 
weathering action. The proper use of Type III cement, as a means in obtaining high strength 
concrete at an early age, will not be detrimental to the durability of the concrete. 
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APPENDIX 





Fig. 13. Screw type jack used to pretension steel strand 


Fig. 14. View of tensioning bulkhead along with jack and Baldwin SR-4 strain indicator 
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Fig. 15. View of bed just prior to molding test specimens. Bed has a capacity of 40 beams 
and 72 cylinders. 


Fig. 16. Detail of beam mold ends. Note bond increasers and method of securing plate bulkheads. 
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Fig. 17. View of bed after completion of molding one series of specimens. Moist burlap covered 
the beams and cylinders during the curing period. 


Fig. 18. The cured specimens were carefully identified before removal from bed. Tarpaulin canopy 
kept bed and molds from becoming excessively warm during molding operations and early curing stages. 
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CONCRETE DESIGN USED IN TEST SPECIMENS 


Crushed stone - Size B - Specific Gravity 2.69 Voids. 
Sand - Specific Gravity, 2.63 
Portland cement - Types I and III 
7 bags per cu yd 

3.86 cu ft per bag 

4.0 per cent air 

4.3 gal water per bag 
0.79 mortar factor 


Quantities per bag Per % cu yd 


Cement (Ib) 94 494 
Sand (Ib) 167 877 
Stone (Ib) 275 1442 
Water (Ib) 4.3 22.6 
Abs. vol. cement 0.48 cu ft 
Abs. vol. sand 1.02 cu ft 
Abs. vol. stone 1.64 cu ft 
Vol. water 0.57 cu ft 
Vol. air 0.15 cu ft 
Yield 3.86 cu ft 
Note: Water given is for aggregate in saturated, surface dry condition. 
Sand, stone, and water to be corrected for actual field conditions. 
Strand: Three-eighths inch diameter steel strand (7 wires) manufactured by 


Aggregates: 
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the American Steel & Wire Co. of Waukegan, Illinois. 

Spool C-302 

Average breaking load of 5 samples composed of 2 strands each 
taken from the above spool - 21,123 lb. 


Crushed stone - Size B 
Producer - Lehigh Stone Co., Joliet, Illinois. 
Laboratory No. 58-6251 
Sampled from stockpile 
Test Results 


Specific gravity - dry 2.62 
Specific gravity - surface dry 2.69 
Absorption (per cent) 2.9 
Abrasion loss (per cent) 3.33 
Weight per cu ft (Ib) ..... 98.2 
Voids (per cent) 41.5 


Soundness - Na,SO,, 5 cycles 
wt'd av. per cent loss - 12.98 


Sieve Analysis 


Sieve Size Total Passing, % 


ag 100 
34” 95 
y,” 75 
3” 56 
No. 4 10 
8 4.1 
Sand 


Producers - Buckhart Sand & Gravel Co., Buckhart, IIl. 
Laboratory No. 58-7595 
Sampled from stockpile 
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Test Results 
Specific gravity - dry 
Specific gravity - surface dry 
Soundness - Na,SO,, 5 cycles 
wt’d. av. per cent loss - 
Sieve Analysis 
Sieve Size Total Passing, ° 
No. 4 100 
8 97 
16 72 
30 48 
50 27 
100 9 
200 1 


Cement: Standard Portland Cement (Type I) and High-early-strength 
Portland Cement (Type III) 
Manufactured by Medusa Portland Cement Co. of Dixon Ill. 
Laboratory No. 58-6250 
Test Results 
Type I Type Ill 
Autoclave expansion (%) 0.22 0.13 
(Initial 3 hr 15 min 3 hr 15 min 
Time of set | 
(Final 5 hr 0 min 5 hr @ min 
Water for normal consistency (%) 24.0 27.0 
Compressive strength (psi) 
(Standard mortar) 
24 hours 2442 
3 days 255 3917 
7 days 
Insoluble residue (% ) L 0.30 
Ignition loss (%) “ 1.83 
Sulphuric anhydride (SO,) (%) 2.; 2.42 
Magnesia, Mg O (%) 3. 3.05 


All tests were made by the State of Illinois, Division of Highways, 
Bureau of Materials, Springfield, Illinois. 


Quantities per bag of cement 














Air 
Type Sand Stone Water Slump Content 
Series Cement Ib gal in. % 





0.50 4.1 
0.75 3.7 
0.75 3.4 
1.00 

0.50 

2.25 

0.50 

0.50 

0.75 
1.00 

0.85 


Data on I I 167 
Concrete III 167 
Mixtures II I 167 
Il {67 

Ill I 167 

lil 167 

IV I 167 

Ill 167 

Vv I 167 

Ill 167 
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Table 7. Compressive strength of concrete determined from 6” by 12” cylinders (psi). 








Age Moist Steam 
(days) Type I Type III Type I Type III 





1 3310 2920 3520 3500 
2650 3645 3345 4265 
2550 2600 2850 2690 
3330 3910 3380 4370 
3555 4020 3540 4955 
3079 3419 3327 39€4 


3965 4300 4370 4775 
3715 4440 4000 4490 
3645 3560 4035 3965 
3805 5115 4160 5010 
4390 5080 4480 5220 
3904 4499 4209 4692 


4640 4690 4905 4920 
4210 51C0 4745 4795 
4055 4190 4195 4180 
4050 5505 4460 5225 


4238 4871 4576 4780 


4885 5060 5205 5650 
4760 5840 457C 5540 
4105 4160 4210 4425 
4960 5645 4530 5560 
5150 5805 6000 
4766 5302 5455 


aes 
on) 
1 


5490 6160 
5450 6600 
5260 5235 
4795 6145 
5415 6655 
5282 6159 


6460 
6460 
4905 
5860 
6480 


6033 


ob tT 


yt 


6480 6885 15. 7135 
6160 7120 6300 6955 
5930 6070 6215 5730 
611¢ 6815 5560 7080 
6670 6960 5735 7240 
627C 6779 6068 6828 


6390 6850 6710 

6110 6520 5560 

5595 5790 5310 

IV 6160 6765 5855 
V 5855 6850 5840 
Av. 6022 6557 5855 








Note: All values of compressive strengths for each series are the average of two cylinder 
breaks. 
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PLAN OF BED SHOWING ARRANGEMENT 
OF DPECIMENS 
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Notation 


Stress Location From tensioning end 


| 
LO (a M | —— Type of Cement 


| | 


Series No. Methad of Curing 

















Information Concerning the Forthcoming Tables 


Series II 


Date of molding — July 31, 1958. 


Date that series was first subjected to freezing and thawing test — 
October 28, 1958. 


Date that series was removed from test — December 30, 1958. 


Series III 


Date of molding — August 6, 1958. 


Date that series was first subjected to freezing and thawing test— 


December 31, 1958. 


Date that series was removed from test — March 12, 1959. 


Special Series 


This series was composed of beams from Series II and Series III. 
Date of molding — given above. 


Date that series was first subjected to freezing and thawing test — 
March 31, 1959. 


Date that series was removed from test — June 10, 1959. 


December. 1959 








PCI Journal 


OOT 
OOT 
OOT 
OOT 
8°S 


gt * 8°S 





(Ur +-0T) * r g : CUT OT) = 
yysueT efnes =: (qT) +: snTnpom : 48034 jo yyZueT efnes + (qT) + sn—Tnpow : 
yOl UT eBueyD : 4uZTOM : oTueudg : seTofD Jo *on : yOT UT S3ueyD : 4UusTOM : oTueUtG : 


qaunod WVALS qaund LSIOW 








sseiyg Tsd o10e7z 
*snTnpow 


T8TPTUT ey Jo 4uUeD sed uT ore SeNTBA JEeu;0 TTY 
*tsd Jo SUOT{TT™ UT SNTNpow TBTzTUT SMOYs snTnpom 
ofueudp Iepun uoTzETNQE} YoRe UT SUTT 4SITZ OU] 


*yyZueT efnes Tet? 

-Tuy ey. worzy ‘AToAT OedsSer ‘esvaroop pus 
esveroUyT UB ejOUep UZTs (-) pue UZTS (+) ¥ 
*II settes - (eTofo Sez) ZupAeyy pue Zutzoery eaTyTWeder 


JO spofized snoTieaA Jeyye sueeq eyorou0D pessoryserd yz¢ Aq 7 Aq yf 
JO URBZueT ofned ut eFueyo pue *4yFTem ‘AqToTYseTSe Jo sntnpow ofueudg *eg SeTQR] 











e7°SE 007 €- c9°SE 
87°SE oo€ t 79°SE 
oS °SE 00z T- 79°SE 
TS°SE OOT T+ 99°SE 
09°SE€ re 0°O 69°SE 
III adkL 
6S°SE 007 €- gL°SE 
z+ T9°SE O0€ c+ BL°SE 
t+ T9°SE 00z T+ BL°SE 
74+ 09°S€ OOT T+ 8L°SE 
0°0 89°SE Zz 0°0 €8°S€ 
(sserzs tsd QOOT) I AdAL 


9+ LS°SE 007 7+ S7°SE 


7+ 09°SE OO€ c+ 97°SE 
€+ T9°SE 002 T+ 97°SE 
7+ T9°SE OOT c+ 97°S€ 
0°0 89°SE 0°0 GS°SE 
III adAL 
9+ 7S °S€ €OL LT+ 62 °SE 
9+ 9S°SE T+ 62 °SE 
G+ 9S °SE 7+ O€ °SE 
Ge GS°SE OOT OOT 9+ TE °SE 
0°0 09°SE gO x T°9 A 0°0 O7°SE OT X T°9 
(ssexys tsd 00S) I FdKL 7 
r (Ur 70T) 7 
yyZueT esne2 (Qt) + snqtmpow : 4804 jo ‘u,ZueT o2ne3 (QT) 3 
wOT UF eSuBYD : QUdTEM 2 oFUeUkq : seTofo Jo "oN wOT UF OSuBYyD * YYySTOM : 


qaund WVaALS qaund LSIOW 
Se 





(UF 4-00) 
snqTnpow 7893 jo 
oFueufsg : saetofo jo *on 


1959 








December, 


(*pzu0s) *qg eTqey, 











0°O 68°S€ €OT 007 .* T9°SE €OT 007 








7+ L8°S€ oe c- L9°SE oc 5 
| as 26°SE 002 0°0 L9°SE 002 te 
0°0O 76°SE 86 OOT c+ $9°SE OOT OOT 0 
0°O 00°9€ got * €°9 @ 0°0 TL°SE gt x €°9 A "7 
III GAL 
S+ L7°SE OOT 007 0°O OT°SE Zot 007 
9+ 87°SE OOE 9+ TI°SE OO€ 
T+ 0S °SE 00% T+ 9T°SE 002 
7+ 7S°Se 6 OOT 0°0O ST°SE $6 OOT 
0°0O 09°SE gO = s°9 @ 0°0 9% °SE got x T°9 Z 
(ssezzs ted 000%) I Fdll 
S- 6S°SE €0T 007 c+ 79°SE €OT 007 
T+ 6$°SE OOE 0°0 LS°SE OOE 
: a $9°SE 002e ge OL°SE 002 
¢- 89°SE 4 OOT co OL°SE OOT OOT 
0°0 7L°SE gt x 2°9 e 0°0O 6L°SE gt x 27°9 rd 
III GAL 
ce 9e°SE €OT 007 0°0O T7°SE €Ot 007 
7+ 9e°SE OO€ €+ 6€°SE O0€ 
i 7E°SE 002 c+ 07°SE 002 
ti GE°SE 86 OOT T+ O7°SE 86 OOT 
0°0 e7°Se gt x T°9 rd 0°0O 67°SE gt * T°9 z 
(ssezqs tsd OOST) I ddkL 
CUT 4-0T) * Hy r TUT 7-01) * "T - 
yzBuetT e8nes : (qT) ¢ sntNpow : 4803 Jo : yzsueT efnes : (qT) ¢* SNTNpow : 4803 jo 
yOT UT OBueyD : 4uzZTem : oTueudg : setTofo Jo *on +: yOLT UF OBuByD : YUZTOM : oFueudg : seTafo Jo “oN 





qaund WVALS ‘ qaund LSIOW 








138 


(*Tou0s) *og STQul 











O°t+ UT ve % 007 0°7+ tc ve 66 007 
0°O+ 6€ °VE BE OSE 0°€+ €2°7E 86 OSE 
0°O+ 6€ °7E 86 OOt O°€+ Ge °7E OOT OOE 
O°T+ 6€ °7E BE 0Sz2 Le°v7E cOT ose 
0°7+ 6€ °7E OOT 002 ce*ve OOT 002 
0°T+ TE °7E OOT OST 0°O+ €2°7E OOT OST 
0°O+ €€ °VE OOT OOT 0°O+ 02 °7E OOT OOT 
0°O+ €€ °7E OOT 0S 0°O+ 8ST °7E OOT 0S 
0°O+ O€ *7E OOT OT 0°O+ eT VE OOT OT 
0°0+ oe . t= t's T 0°O+ tay A gt x 8°S OT 
III adAL 
0°O+ €6°VE VOT 007 0°9+ 86 °7E OOT 007 
0°t- €6°V7E 86 OSE 0°7+ 76°7€ OOT OSE 
0°0+ €6°7€ OOT OOE O°T+ L6°7E Z0T OOE 
O°T+ 76 °7E OOT 0sSz2 S6°7E ZOT 0Sz 
0°%+ T6°V7E OOT 002 0°S+ 76 °7€ ZOT 002 
O°T+ 06 °7E OOT OST 0°6+ T6°VE Z2OT OST 
0°O+ L3°7E OOT OOT 0° 7+ 68°7E OOT OOT 
0°0+ 43 °7€ OOT 0S O°T+ 88 °7E OOT 0S 
0°0+ eB °7E OOT OT 0°O+ 78°7€ OOT OT 
0°O+ 73 °V7E gt x 7°9 OT 0°0+ 78°7€ gt x 2°9 OT 
(sserqzs fed o1ez) I qdiL 
(UT t as % 2 bay T . Tr 
agbene aaaee : (qT) ¢% sntmpomw : 48903 jo : eiune ae t+ (QT) ¢% sntmpom : 4804 jo 


wOT UF OFuByD : YyFTOM : oTWeUtg 


seTofo Jo °on 


nOT UF OBuByD : zyF3Tem : oFueuhq : setofo Jo “on 





GHND WVALS 


- 


qaund LSIOW 














*y}ZUueT e2ne2 TeT. 
-FUt oy Worz ‘fTeATIOedSer ‘esearoep pus 
@sBeIOUT UB eyOUep UFTs (-) puB UBTS (+) Y 


“III septes 


*sn—Tnpow 


T8T}TUF ey, Jo yueo Jed uy ere senTBA I0eT}O TTY 
*tsd Jo SUOTTT TW UT sNTNpow TeTZTUT sAoYs sntTnpom 
oFuwusp JepuN uoTZBINGe} YoRe UT eUTT 4sITJ eUL 


(eToAO Yee) ZuTAeyR pue Jutzeerz eatTy Teder 
JO spotted snoyieA Jeyze suweq ezer10U0l pesseryseid y7ze Aq y7 Aq uf 
Jo YSueT eBnes uy eFueyo pue *yyZTem *A4TOTASBTe Jo sntTnpow oTueutg "36 8TQRL 





Zo*ce 


COT 


c- 


TO°SE 


€OTt 





139 


1959 


December, 


nal 








0°9T+ 
0°9T+ 
O°ST+ 
0°9+ 
0°0+ 
III ddAL 
0°9+ 
0°7+ 
0°2T+ 
0°e- 
0°O+ 


(sseayzs tsd OOOT) I FdAL 


007 
OOE 
002 


OT 

007 
OOE 
002 


OT 


III GdAL 


(ssezyzs tsd 00S) I ddAL 





{ UF +01) 
yyZueT e2ne2 
wOT UT 9BuBYy) 


= 
. 
e 
. 
. 
. 


4804 jo 
setTofo Jo *on 


("Uy 4-O1) : 
yysueT e2ned : 


wOT UT e8uey9 


(QT) 
q43 TOM 


7893 Jo 
seTofo jo *on 





aqwund LSIOW 








(*qU09) *q6 eTQRy 


PCI Journal 


























0°0+ 00°7E 86 007 0°7+ €6°7E OOT 007 
0°E- 00°7€ OOT OOE 0°%+ 16 °7E TOT OO€ 
0°O+ 00°7€ OOT 00z 0°7+ 06 °7E TOT 002 
0°%+ 00°7€ OOT OOT 0°9+ L3°7€ TOT OOT 
0°0+ 86 °E€ gt x 9°S OT 0°0+ T3°V7E gO * 0°9 OT 
III AdAL 
0°6+ €7°SE 66 007 0°O+ 97°SE OOT 007 
0°O+ GE °SE OOT OO0€ O°T- 97°SE OOT OOE 
6€°SE OOT 002 77°SE OOT 002 

0°%- zE°SE OOT OOT 0°%+ e7°SE OOT OOT 
0°O+ TE °SE gt x 7°9 OT 0°O+ BE “SE gt * 2°9 OT 

(sserys fed OOO?) I AdAL 
0°S+ 7T°7E TOT 007 0°0O+ 0% °SE OOT 007 
0°OT- JU°vE TOT OO€ TT°SE cot OO€ 
0°T- eT°ve TOT 002 LT°SE Zot 002 
O°T+ 9T°7E TOT OOT 0°O+ OT°SE Zot OOT 
0°0+ €T°VE gO * 9°S OT 0°O+ LO°SE got x 9°S OT 

III adil 

O°E+ 62 °SE TOT 007 0°¢€- zE°SE TOT 007 
0°S- Lz°S€ Zot OOE o"t> Of °SE zor OOE 
0°9+ O€ °SE Zot 00g €€°SE €OT 00e 
0°0+ Oe°SE zor OOT 0°O+ ze °SE €OT OOT 
0°0+ 6T°SE got x €°9 OT 0°O+ €2°SE gt x T°9 OT 

(sserqs sd OOST) I AdAL 

(UF y-0T) = 7 t (UF 4_0T) t % 
yyZueT e2ne3s : (qT) + sntnpow : 4803 jo $ yyueT e2nes : (qT) +* sntnpow : 4603 jo 
yO UT eBueyy : yUuZTOmM : ofFueuhq : setTofo Jo *on yOT UF eBueyy : 4UBTemM : oTumuhg : seTofo Jo *on 
Gand WVALS Gaund LSIOW 
(*Tou0s) *2 6 eTQRL 
$F. Arter N*oT i oc *er ONT fae wd 








14] 


December, 1959 


nal 


























0°L+ 8S °SE SOT 008 9+ 9e°SE = 
0°O+ 09°SE €OT 004 7+ G2 °SE = 
0°7+ €9°SE TOT 009 c+ 7e°se fi 
0°%+ $9°SE TOT 0SS c+ Ge °SE O 
0°%+ 99°SE TOT 00S O+ Ge °SE 00S ji 
0°0+ 19°S€ TOt 0S” 7+ Gz °S€ 86 0S7 
0°0+ 99°SE got x 0°9 S07 0°0+ Be °SE gt x L°S S07 
O°TI+ B9°SE SOT (49") 007 0°OT+ O€ °SE LOT (394)007 
0°3- LT°SE SL (Arp) 007 0°¢- 78°7€ 19 ©(4xP) 007 
0°%+ TS°SE OOT 007 0°9+ ST°SE $6 007 
III adAL 
0°9+ OL*7E OOT 008 008 
0°7+ 0L*7€ Oot 00 00L 
0°%+ eL°ve OOT 009 009 
0°%+ cL ve OOT 0SS OSs 
O°T+ LL*7€ OOT 00S 00S 
0°E+ TL°7E OOT 0S7 0S7 
0°O+ LL*7€ gt x 0°9 $07 S07 
O°OT+ 8L°7E ZOT (394) 007 (394) 007 
0°0+ ze °7E Lg (4p) 007 (4p) 007 
0°9+ BS °7E 66 007 007 
(sser3zs fed o10z) I qd II sarugs 
("UT +-0T) = 3 T 3 ("UF +_0T) * : : 
yyZueT e8nes : (qT) +: sn—tnpow : 4503 jo : yyZueT e@neFe : (qT) + sntNpow : 48934 jo 
yO UT eBsueyo : yUsTOM : oTueUsQ =: SaTofo Jo “on : yO UF SZ3uByy : yUsTOM : OTWeukq : seTofoO Jo *on 
qaund WVALS : qwund LSIOW 
*snTnpow 
*uyZueT a2ne2 TeT TBTZTUT eyy Jo yUeo Jed UT ore SeNTBA I9EuT}O TTY 
-Tuy ey. wors ‘ATaaTyoedser ‘asearoep pus *tsd JO SUOTITTW UT SnTNpow Te}tyTuUy smoys sntnpom 
eSBeIOUT UB ayoUep UTS (-) puB UZTS (+) V oTueufp Jepun uotzETNQe} YoRe UT SUTT yZANOZ EU] 





*saqteg Tepoeds - (eTofo ysey) ZupMeyR. pue JutTzeery eatyTzedez 
jO spofied snoypisA Jezze suweq eyetouoD pesseryseud ,z¢ Aq 47 Aq yf 
JO yysueT e2nes ut eZueyo pues *yuZtem *A4TOTYSeTS Jo sntnpow oturutg 





9 





14 


“BOT 9TQBL 








NAW 
+ 


00g 
004 
009 
00S 
S07 
(384) 007 
(Arp) 007 
007 


+ 


e 


SUISSE 
Sega 


Ww 
+ 
\o 


OoOoO00000C0 
° 


88g 


III addAL 


LI°SE 008 
02 °SE 004 
02 °SE 009 
Ge °S€ 00S 
8 °SE SOY 
Be °SE 494) 00 
(Arp) 007 68°C (£xp) 007 

00” O1°SE 00” 


(sserzs Ted 000%) I Adil II sarugs 


(UF 00) * 4 (UF OT) 
yyZueT e8nes : (qT) 480% jo : yysueT e2ned (QT) sntTnpow 4893 jo 
: : 


+ 


TS °SE 
7S °SE 
LS*SE 
LS°SE 
09°SE 
09°SE 
Te°se 
L7°SE 


é 
N 
+ 


008 
004 
009 
00S 
$07 
(394) 007 


eeid 


o 
. 
ANOS 
+ 


gee 





s 
A 
+ 
uN 
° 
\o 


F4AS? 


eoogeoeesec:e 
We) 
bi 





yO UF eBueyy : yusZTom : setofo jo °on uOl UF SBuByy : QUZTOM : OTueUtG seTofo jo °on 
qaund LSION 





1959 





(*3U09) *BOT 8TQBL 


December, 











— 


PCI Journal! 


eeTes 


ooooo0o°oc;c;”eo 
J 
+ 


° e 
OV I uN 
+ 1 


wo ~$ 
+ + 


004 
009 
00S 
S07 
(394) 007 
(Arp) 007 
007 


PEP 


009 
00S 
G07 
(34) 007 
(42p) 007 
007 


* 
> ti eh 


+ 


+ 


0°l+ 
O° 8+ 
0°S+ 
0°T+ 
0°O+ 
0°S+ 
0°T- 
0°O+ 


ooo0oo0°cdo°o 
. 


(sserqys Fed o10z) I dil 





( UF + OT) . ( UF OT) ‘ 
yysZueT  e2ne2 (QT) snTnpow 48°34 jo uyZueT e2ne2 (QT) *% sntnpomw 4803 Jo 
uOl UF eBueyy : yUusTOM : oTueUtg seTofo jo “on uOl UT eSuByD : ZUSTOmM : OTuUeUtG seTofD jo *on 


qwund WVALS qaund LSIOW 











III saIMgs “OT ®TQ8L 








008 008 
004 004 
009 009 
00S 00S 
SO7 S07 
(394) 007 (394) 007 
(A2tp) 007 (4tp) O07 
007 007 


III adAL 


- 
AANA 
+ 


008 
004 
009 
00S 
S07 
(394) 007 
(AtP) 007 
007 


YAS 
tee 4 


+ 


0 
0 
0 
0° 
0 
0 
0 
0 


(sserzs sd QOOT) I adAL 





CUT 4 OT) 
yyZueT e2ne2 (QT) ¢* snTnpow 4803 jo 
wOT UF SBuByO * yYITOM wOT UF S3uey : 4YsTOM : OFUeUAG seTofo Jo *on 


Gwund WYALS aqwund LSION 


=——ooo—————————————E=E=EEeEeEeEeEEEEEEEeEeEeEeEEEEeEeeEeEeEeEeEeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeEEEEeeeeeee== 


sn Tnpow 48934 Jo 


CUT +-0T) 7 
: oFueutg seTof£o jo *on 


yyZueT e2ne2 (QT) 





; 
3 
3 
r 
3 


(*9U09) *q-OT eTQBL 


December, 1959 





al 





. 
ANA 
+ 


003 
004 
009 
00S 
S07 
(394) 007 
(42P) 007 
007 


PCI Journ 


OO 


+ 


oooeeeecese 
FYTSES 


OOT 

OOT 004 
OOT 009 
OOT 00S 
€°9 607 
86 (3°84)007 
86 (A4tp)007 
86 007 


008 
004 
009 
00S 
S07 
(39") 007 
(Arp) 007 
007 


* *¢ 
oat 
+ 
a 
aAAN 
7: > 


+ 


PPE 


°° 
One 
+ 


"; 
e¥I¢¢9 


ooo°oco°o°c°o 
* 


0 
0 
0 
0 
5” 
0 
0 
0 


(sserqys tsd 0007) I Adil 





(UT »_OT) : 
yyZueT e3ne3 (QT) *% snqTnpom 4504 jo 
nOl UT eSusyy : yUusTOmM ¢ oOTueUtG seTofo jo *on 


qaund LSIOW 


yyZueT 92ne2 4504 Jo 
yOl UF e3ueyyD seTofo jo *on 





oo emf 6 ce c¢ 


(*T9U09) *q-OT eTQR] 








PCI STANDARD BUILDING CODE 
FOR PRESTRESSED CONCRETE 
PRESENTED tOR REVEL 


Copies of our tentative Building Code have been distributed 
to our membership and to registrants at the PCI Fifth Annual 
Convention. Constructive criticism is now invited. It is suggested 
that all discussion and criticism be made clear and concise and 
referred to the respective sections of the Code. They should be 
sent to the Committee Chairman, Professor T. Y. Lin, with mini- 
mum of two duplicates, to his address listed below. Seven copies 
are preferred if convenient. Closing date for their acceptance 
is March 1, 1960. Copies have also been sent to members of the 
Federation Internationale de la Precontrainte for their review 
and comment. 


The committee intends to revise and publish the Code in 
its final form, based on constructive criticism received. 


Correspondence should be addressed to Professor T. Y. 
Lin, Chairman PCI Standard Building Code Committee, Engi- 
neering Materials Library, University of California, Berkeley 4, 
California. 


December, 1959 









A questionnaire pertaining to air-entrained concrete mailed to 


Executive Secretary Norman Scott brought the following significant replies: 


some members 





by Assistant 
































































N. J. 












No, but it does not 
prohibit its use 


COLORADO 








Does your State specify 
Air-entrained Concrete? 
All work or just some Do you know why they 

State of it? use it. . . or don’t use it? 

OKLAHOMA No No 

IOWA No Not considered necessary 

for structural units. Air 
required in deck slabs 
over p/c beams. 

MICHIGAN Yes. All of it. Improved durability 

against freezing and 
thawing conditions and salt. 

FLORIDA Yes Improved durability 
with respect to salt action. 

TEXAS Texas does not normally Probably don’t use it 
specify air-entrained con- because freezing and 

crete. They do allow snow removal are very 
air-entrained as an additive small problems in Texas. 
to improve workability. 

OREGON Oregon specifies air- They use air-entrained 
entrained concrete for part concrete for prestressed 
of their prestressed work. members that are going 

to be used in an area 
where weather conditions 
are such that freezing and 
thawing occur severely. 


What air 
content is 
specified? 


None 


4 to 6% 


3 to 4% 


None 


4 to 6% 


Not to 


exceed 3% 
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The TAC conducted a survey recently among Active M s to obtain their views and experience 
on concrete release strengths. A questionnaire was mailed that brought many interesting replies, some 
of which are published below. (Editor.) 
































Name of Recommended Concrete 

Company Strength at Release 

Producer 3/8” str. 7/16” str. 1/2” str. Comments 

Dura-Stress 4,000 4,000 4,000 Because stresses at transfer usually 
run at around 2,400 psi (after elastic 
shortening) and this is 0.60f’.;. We 
feel that 0.60 f’.; is a good limitation 
for bridge products. Do not believe 
bond will be any problem on %” 
strand, 

Midwest 3,500 4,000 3,500 — We produced beams with this 

Prestressed release strength for 5 years without 

Concrete Co. any visual or measured failure. 
4,000 for 7/16’’—this is all we have 
ever used. 

Missouri 3,500 3,500 4.000 3/8’ — 3,500 especially for low de- 

Pres-Crete or sign stresses (less than 800 psi) — 

4,000 “~No slippage observed on any projects 

we had for the last 3 years. All pro- 
jects appear satisfactory. 
7/16’ — 3,500 for low design stresses 
(less than 800) 4,000 above 800 psi. 
No slippage observed on any pro- 
ject manufactured so far. 
1/2’ — We believe that this value 
will be satisfactory. We have had no 
experience with 1/2’ strand. Judging 
from experience on D.T.’s, beams 
and girders for buildings the 4,000 
psi release stress should be satisfac- 
tory. 

N. C. Products 3,500 3,500 The cylinder strength at release should 

Corp. be decreased (3,500 psi min.) or in- 
creased to suit the stresses induced 
in the concrete at the time of release. 
The size of strand (excluding 1/2” 
which we have not yet used) should 
not govern release strength. 
The only effect of the strand size 
would be the local stresses at the 
ends of the member due to “swelling” 
of the strand. We have found 3,500 
psi concrete suitable for both 3/8” 
and 7/16” strand in this respect. 
(f’-1 = 3,500 psi.) 

Grenada 4,000 4,000 3/8’ — Our experience has proven 

Concrete this value to be adequate. 

Prod. 7/16” — No higher than 4,000 psi. 


Our experience has proven this value 
to be adequate. 


Material 3,500 4,000 4,000 Have developed unnecessary cracks 








Service when stress released at lower level. 
Corp. 

ae 4,000 4,500 Because we have had no release prob- 
—_— lem to date nor excessive cambers. 
ne, 
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Name of 
Company 
Producer 


3/8” str. 


Recommended Concrete 


Strength at Release 





Edw. Campbell 


7/16” str. = 1/ 





Comments 


Depending on stresses in section at 
























































3,500 
Co. to release. 
4,000 

Utah Sand 3,500 4.000 3/8’. — Unplanned releases at 2,500 

& Gravel have shown no ill effects, 3,500 pro- 
vides adequate margin of safety. 
TLIO" & 1/2" Values of these 
arbitrary until we have sufficient ex- 
perience to justify a change. We feel, 
however, from available information 
ahove values are adequate. 

Ballard-Rice 3,500 3,500 psi minimum under all condi- 

Prestressed tions. Higher strengths might be nec- 
essary under some designs. Each de- 
sion is an individual problem. 

Lamar Pipe 4,000 4.000 3/8” & 7/16’ — 4,000 psi safe and 

& Tile adequate, as we never have had 
trouble on this basis. Below 4,000, 
the allowable stresses, using current 
ACI recommendations, would become 
too low, thereby causing overdesign 
of members. A higher figure would 
be a stupid and unjustifiable spec., as 
a strength greater than 4,000 psi wil! 
accomplish nothing but hurt produc- 
tion. 

Arnold Stone 3,500 3,500 Our experience has shown that a 

Co.. Inc. cylinder strength of 3,500 p.s.i. for 
5,000# concrete is sufficient for all 
strands. We use 3/8 and 7/16 strands. 

Dickerson 4,000 4.000 3/8” & 7/16’ — Experience shows 

Structural this strength to be adequate based on 

Concrete allowable stresses at release of 2,400 
psi comp. & 480 psi tension also — 
no bond failure has been evident. 
1/2” — We feel that the 4000 psi 
release strength is so conservative (or 

initial prestress 
ra = if specific 
0.6 

design requires) that it would be ade- 
quate for 1/2’ strand. We do not 
have experience with 1/2” strand to 
comment on bonding. 

Prestressed 4,000 4.000 Camber, bond, etc. appear satisfactory 

Concrete and 4,000 psi release is still econom- 

Products, Inc. ical. 

Atlas Structural 4,000 4,000 3/8” & 7/16’ — Proven to be satis- 

Concrete, Inc. factory by several years experience 
1/2” — In all our bridge work the 
use of a 4,000 psi release strength has 
proven beyond question to give ex- 
cellent results. Good structural be- 
havior of these members in con- 
tinuous use has borne this out 
conclusively. 

Nashville Breeko 3,500 4.000 Adequate 

Block Co. 
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Name of 


Recommended Concrete 
































Company Strength at Release 

Producer 3/8” str. 7/16" str. 1/2” str. Comments 

Macon 4,000 4,000 4,000- 3/8” & 7/16’ — Good results from 

Prestressed 4,500 past experience. 

Concrete Co. 1/2’ — possibly the 1/2” should be 
increased. Also possibly the 3/8” 
should be reduced slightly. This 
should be verified by test. 

Capitol 4,000 4,000 4,000 See no reason to change present cri- 

Prestress Co. teria since positive bond is developed 
and 4,000 psi cylinder strength gives 
ample safety for the concrete. 

Florida 3,600 4,000 4,500 3/8’ — Based on 5,000 psi concrete, 

Prestressed tests using lower strengths at release 

Concrete did not prove satisfactory and very 

Co., Inc. little, if any, benefit was realized with 
a higher value. 

7/6’ — Same as above. 

1/2” — No experience. I state this 
figure just as an off-hand observation 
taking in consideration the higher 
bond stresses required with the 1/2” 
strand. 

West Coast 3,600 4,500 4,500 3/8’ — No appreciable gain after 

Shell Corporation attaining 3,600#% — taking time into 
consideration. 

7/16’ — More bond required 

1/2” — No experience, but estimat 
4,500 because more bond stress re- 
quired. 

Strangbetong 7/16’ — Not less than 5,000 |b/in2 

Stockholm on cubes or 5,000/1.25 4,000 
cylinders. (Important note: Europeans 
measure cubes in lieu of cylinders. 
Conversion factor: approx. 1.25 5,000 

5,000 
cube = — 4,000 cyl 

1.25 
C. C. Zollman.) 
The transmission length necessary de- 
pends to a large extent on the size of 
the product — the smallest sections 
being decisive. The cylinder strength 
at release must also be regarded as 
a general level of quality with regard 
to creep in the concrete. We do not 
think the size of strand ought to de- 
cide the minimum strength at release. 

Wilson 3,500- 3,500- 3/8” & 7/16’ — with these values 

Concrete Co. 4,500 4,500 ample strength has been developed 
for bond and camber control if prop- 
erly designed. 

F-S Prestress, 4,000 4,000 It is a value which is workable pro- 

Inc. duction-wise and at the same time 
assures a satisfactory level of strength. 

Virginia 4,000 4,000 4,000- 3/87” & 7/16’ — Satisfactory. 

Prestressed 4,200 1/2’ — No experience — bonding 

Concrete 


questionable except for higher 
strengths. 
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Name of Recommended Concrete 


Company Strength at Release 
Producer 3/8” str. 7/16’ str. 1/2” str. Comments 
Lewis Mfg. Co. 4.000 4.000 1 000 3/8” & 7/16’ — More uniform 


camber. Less spalling and cracking 
in handling. 
1/2’ — No experience. Since the 
most economical amount of prestress 
usually is around a final value of 
P/A = 1,000 psi, the initial P/A is 
nearly the same regardless of what 
size strands are used. 
Crider & 3,500 3,500 3.500 3/8’ — Experience releasing at this 
Shockey, Inc. strength shows no ill effects in the 
concrete. However, according to the 
joint committee recommendations for 
the allowable concrete stress at time 
of release, releasing at this stress will 
sometimes require non-prestressing 
tensile reinforcement so that the code 
limitations will not be exceeded. In 
the lighter structural members this 
becomes quite expensive, and it is 
actually more economical to attain 
the higher release strength. Since per- 
formance records are satisfactory, the 
indicated stress is recommended. This 
comment also for 7/16’. 
1/2’ — Not presently using. As pre- 
viously stated, however, the strand 
spacing may have to be increased so 
that the above recommended stresses 
in the concrete will not be exceeded. 











Ben C. Gerwick, 3,500 4.000 4,000- 3/8’ — Proven adequate. 
Inc. 1500 7/16’ — Bond. 
1/2’ — Not using — don’t know. 
Suggest 4,000-4,500 — reason: bond. 


Basalt Rock 3,000 3,500 Structurally sound based on actual 
Co., Inc. tests conducted by Basalt Rock Co. 





Delta Prestress 3.000 3,500 4.000 3/8’ — This value has been used 
Concrete, Inc. enough successfully to show its prac- 
ticality. 
7/16’ — No experience. 
1/2’ — No experience. 
We have used 3,000 psi release on 
building work including State in- 
spected schools and find it quite ade- 
quate. The other values are in pro- 
portion to the bond stress assuming 
that the bond strength of the concret 
is proportional to the cylinder strength 
of release. 
Note: Higher transfer stresses ar 
very often useful in obtaining maxi- 
mum use of concrete. f’.; up to 4,000 
psi is OK and is recommended if 
necessary to keep f’, © 0.60 f”,, 








Superior Sand 3,000 3,000 or higher as required by f’, 

& Gravel 0.60 fi. 3 years of satisfactory ex 
perience with 3,000 psi release in 
building members. 
No experience wit 


h other strands. 
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Name of Recommended Concrete 












































Company Strength at Release 
Producer 3/8” str. 7/16’ str. 1/2” str. Comments 
. Appalachian 3,500 3,500 4,000 3/8’ — Assuming design is adequate 
: Consulting and bond stress only controls. No 
Engineers, Inc. indication of spalling or excessive 
bond stresses. 
; 7/16’ — Same. 
f 1/2’ — The plant has had no actual 
: experience with 1/2’ strand but feel 
should be more conservative. 
Concreto S.A. 3,500 In the beams we made we didn’t 
' have any problems with it. We didn’t 
have one cracked girder. 
Thomas Concrete No experience with 1/2’ strand but 
y % Pipe Co. recommend for all: 
PB 4,000 psi for f”%, = 5,000 psi and 
| 4,800 psi for f’. = 6,000 psi. 
g Our experience indicates that release 
e strength should be approximately 
n 0.8 f’. in order to control camber and 
$ to properly develop the necessary 
s bond between strand and concrete. 
: Rocky Mountain 3,500 3,500 4,000 Bond — bending stresses — camber 
e Prestress, Inc. be 
” C. W. Blakeslee 3,500 3,500 3,500 In general, 3,500 psi transfer strengths 
& Sons, Inc. sufficient to transfer bond — occa- 
- sionally we use higher values in order 
d to minimize concrete creep which in- 
‘0 creases rapidly at high stress values. 
a » Duval 
1. Engineering & 
Contr. Co. oS PAS 
Concrete 3,500 3,500 3;500 3/8” — Allows good E value for be- 
v. Materials, Inc. havior. 
d 7/16’ — Have used over two year 
> period in building girders and beams 
al with no objectionable behavior. Per- 
on fectly safe to use. 
© L/2?”’ See no difference than with 
“a 7/16’’. Should be same for these size 
ranges. We have produced over $6 
million worth of prestressed work 
using a release value of 3,500 and 
have never had the first instance of 
ae trouble and don’t expect any. 
n- — 
le- Southeastern 3,500 3,500 3,500 3/8” & 7/16’ — If the compression 
0- Concrete induced in the concrete at release is 
ng Prod. Co. under 1,000 psi. 
te 1/2’ — Have not used. 
th During 1955 and 1956 we used the 
value of 3,500 on our prestressed 
re products and it was very satisfactory. 
xi- 4,000 psi quite often imposes a hard- 
00 ship on the manufacturer as this high 
if strength is difficult to obtain in a 
short period of time and delays re- 
~ moving the product from the casting 
bed. We feel that 3,500 psi is ade- 
DX- quate and that the extra expense of 
in obtaining strength above this value 
is unnecessary. 
Precast 3,500 
Industries 
nal . - 
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Quick 
SOILS 
DATA for 





pocket 
penetrometer 


Thousands in use for the 
strength classification of cohe- 
sive soils on field exploration 
or construction sites and in 
preliminary laboratory studies. 


Direct Reading Indicator main- 
tains the Reading until reset. 


PRICE $15.00 F.O.B. CHICAGO 


MMM 3 


ncorporaled 


4711 W. WORTH AVE © CHICAGO 39, ILLINGIS 
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PRESTRESSED CONCRETE INSTITUTE 











CURRENT PCI PUBLICATIONS 


Title Number 
SPECIFICATIONS FOR PRE-TENSIONED PRESTRESSED CONCRETE SPC-100-57T 
(Tentative) 4 pages 35c per copy 


STANDARD PRESTRESSED CONCRETE BEAMS FOR HIGHWAY BRIDGE SPANS STD-101-57 
30 FT. TO 100 FT. Prepared by Joint Committee AASHO and PCI. | sheet 30c per copy 


SPECIFICATIONS FOR POST-TENSIONED PRESTRESSED CONCRETE SPC-102-58T 
(Tentative) 4 pages 35c per copy 


PCI STANDARDS FOR PRESTRESSED CONCRETE PLANTS (Tentative) STD-103-58T 
12 pags in covers: $1.00 per copy (50c to PCl Members) 


UNDERWRITERS’ LABORATORIES, INC. REPORT R-4123-1 R-104-58 
May 12, 1958—PRECAST FLOOR OR ROOF DOUBLE TEE SLAB 
24 pages in covers: $2.00 per copy ($1.00 to PCI Members) 


TYPICAL PRESTRESSED CONCRETE PRODUCTS STD-105-58 
20 pages in covers: 10c per copy 


PROCEEDINGS FOURTH ANNUAL CONVENTION PRESTRESSED CONCRETE PRO-106-59 
INSTITUTE 1958. 162 pages in covers: $5.00 per copy ($2.50 to PC| Members) 


STANDARD PRESTRESSED CONCRETE BOX BEAMS FOR HIGHWAY BRIDGE SPANS STD-107-59 
TO 103 FT.—Prepared by Joint Committee AASHO and PCI. 1 sheet 30c per copy 


STANDARD PRESTRESSED CONCRETE SLABS FOR HIGHWAY BRIDGE SPANS STD-108-59 
TO 55 FT.—Prepared by Joint Committee AASHO and PCI. 1 sheet 30c per copy 


Subscription to PC| JOURNAL @ $6.00 per year (4 issues) 


Back copies of PCl JOURNAL available to PCI Members at $1.00 per issue 
and $2.00 to non-members. 


Subscription to PCltems @ $2.50 per year (12 issues) 


PCI Membership Directory @ $10.00 per copy ($1.00 to PC! Members) 


Orders for all PCI Publications should be addressed to 


PUBLICATION OFFICE 
PRESTRESSED CONCRETE INSTITUTE 


205 West Wacker Drive, Chicago 6, Ill. 


Check or money order should accompany order and be made payable to: 


PRESTRESSED CONCRETE INSTITUTE 








December, 1959 


Wt 















































205 W. WACKER DRIVE 
CHICAGO 6, ILLINOIS 


MEMBERSHIP QUALIFICATIONS 


SCHEDULE OF DUES 


Anyone engaged in the production of prestressed concrete, or in the production of 
materials or equipment allied to the prestressing industry; licensed architects and 
engineers; engineers and architects in training, and students enrolled in accredited 
schools of architecture and engineering, are invited to apply for membership in 
the Prestressed Concrete Institute. Membership classifications have been established 
as follows: 


ACTIVE 


Organizations and individuals actively engaged in the See schedule 
production of prestressed concrete products. on application 
blank 


ASSOCIATE 


Organizations and individuals engaged in the production 
of materials and equipment allied to the prestressed 
concrete industry. 


Annual Membership Dues $250.00 


PROFESSIONAL 


Limited to registered architects and engineers. 
Annual Membership Dues $ 25.00 


AFFILIATE 


Limited to non-professional personnel. 
Annual Membership Dues $ 15.00 


JUNIOR 


Limited to architects and engineers in training. 


Annual Membership Dues $ 15.00 


STUDENT 


Limited to students of accredited architectural 
and engineering schools. $ 10.00 


(For student members outside continental U. S., Canada included) $ 12.00 





Members receive the PCI JOURNAL, a quarterly technical publication, and 
PClItems, a monthly news bulletin, without additional cost, plus research bulletins 
and other information on prestressing as it becomes available. 


PCI Journal 
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PRESTRESSED CONCRETE INSTITUTE i \ 





205 W. WACKER DRIVE, CHICAGO 6, ILLINOIS 


APPLICATION FOR MEMBERSHIP IN THE PRESTRESSED CONCRETE INSTITUTE 


(A non-profit corporation) 


| am applying for membership in the classification checked: 


ACTIVE (producer). 
Engaged in the following types of prestressing: 





___Post-tensionin 
° ACTIVE MEMBERSHIP DUES (annually) 





—.—Pre-tensioning Based on Annual Prestress Business 





Combination of both $250 for $ 100,000 or less $650 for $1,500,001 to $2,000,000 
: 350 for 100,001 to 500,000 | 750 for 2,000,001 to 2,500,000 
——On-the-job post-tensioning 450 for 500,001 to 1,000,000 | 850 for 2,500,001 to 3,000,000 


550 for 1,000,001 to 1,500,000 950 for 3,000,001 to 3,500,000 


___On-the-job pretensioning wate se ee — 
$100 additional for each additional $500,000 





——Precasting —__Design 





(-] ASSOCIATE (related business). Membership Dues: $250.00 annually. 


| am in the business of: EE aa 








[] PROFESSIONAL (registered architect or engineer). Membership Dues: $25.00 annually. 
| hold Certificate No of the State of rt Se 








[] AFFILIATE (non-professional personnel). Membership Dues: $15.00 annually. 
[] JUNIOR (limited to architects and engineers in training). Membership Dues $15.00 annually. 


[] STUDENT (limited to students of accredited schools of architecture or engineering). 


Name of School 





Membership Dues: $10 annually. Outside continental U.S.A. including Canada: $12 annually. 


ACTIVE 
NAME OF COMPANY APPLYING FOR ASSOCIATE MEMBERSHIP__ 


ADDRESS ee 
CITY ) 
NAME OF REPRESENTATIVE IN INSTITUTE AFFAIRS 


APPLICANTS FOR PROFESSIONAL, AFFILIATE, JUNIOR AND STUDENT MEM- 
BERS PLEASE FILL IN BELOW: 




















NAME st eecias 

YOUR MAILING ADDRESS eae’ = ’ ‘ 
CITY i 
COMPANY AFFILIATION 2° 1 8 





DOES COMPANY MANUFACTURE PRESTRESSED CONCRETE?___ 


Date__ Signature 








Make no payment until application is approved. Dues will be prorated from 
April 1 for all classifications. 
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‘te PROFESSIONAL ' 


= “service  advertisi 


This PROFESSIONAL SERVICE section 
has been established to enable engineers and 
architects to list the services they offer to 
the prestressing industry. Advertising rates 
are $10.00 per column inch. Copy should 
contorm with ethical standards for advertis- 
ing as established by the various profession- 
al associations which govern advertising of 
architects and engineers. Copy and inquiries 
should be directed to the JOURNAL Pubili- 
cation Office: 205 W. Wacker Drive, Chi- 
cago, Illinois. 





LEAP ASSOCIATES 


Consultants to the 
Prestressing Industry 


Harry Edwards, President 


Lakeland, Florida 
P. O. Box 1053 Ph. MU 6-7143 








FREDERIC A. NASSAUX ASSOCIATES 
Consulting Engineers 


PRESTRESSED CONCRETE DESIGNERS 


312 Trust Bldg., Chambersburg, Pa. 
317 Crain Hwy., Baltimore, Md. 








CONCRETE 
TESTERS 


The World's Finest 
Low-Cost 
Precision Testers 


For 


CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


iF IT'S A CONCRETE TESTER 
YOU NEED-GET IN TOUCH WITH 


FORNEY’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 
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PRESTRESSED CONCRETE INSTITUTE 








The Prestressed Concrete Institute 


«Announces eee 


THE REMOVAL OF ITS FLORIDA HEADQUARTERS 
AND PUBLICATIONS OFFICE 


205 WEST WACKER DRIVE, CHICAGO 6, ILLINOIS 
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Ow! Cut costly B son mv snone 
stripping & resetting 
ime with these | | 









EW @l 


he new forms and handling frame 
iown on this page were developed 
one specific reason—to help you 
t your operating costs. Each fea- 4 
e, the form-locks, the tilt-back, ——— | 
d the handling frame was fully 
ted under working conditions for = | 
ny months. In every test, the . 4 
ults were the same —faster strip- yew FORM HANDLING FRAME* a —- 
g and resetting of forms. Get the 
| story. Clip the coupon below SMips and repositions both 
side forms in one uic 
d ask your local Form-Crete man smooth action. Pulls and 
r full details. resets sections 50-footor 
longer with ease. 





NEW TILT-BACK OCTAGONAL PILING FORM 











SQUARE PILING FORM 


Easily removed braces per- 

FORM LOCK mit hinged form to swing | NEW CHANNEL FORM WITH FORM LOCK 
-Lock feature locks sides in perfect away for quick removal of Locked in perfect alignment during cast- 
ment for pouring. When locks are cast product. ing operation, the sides of this form flex 
ased, sides flex away from product out when locks are released allowing 
asy stripping. quick removal of product. 

*Patents applied for 





" FOOD MACHINERY AND CHEMICAL CORPORATION — FORM-CRETE Department Dept. FC 
utting Ideas to Work i aKELAND, FLA. © RIVERSIDE, CALIF. 


f//] Form-Crete Please send me your latest catalog giving full details on your new Form-Crete Forms 
Department nam 





MACHINERY 


EEL @ General Sales Offices ADDRESS 





iain een damp ene anh ane ann emma 


Lakeland, Florida — Riverside, California CITY. 


STATE 








1. Shown here is a prestressed concrete 
pile that was driven to just above ground 
and an additional section spliced on. A 
horizontal load was applied to the top of 
the new section in a manner that created 
maximum moment at the splice. Failure 
occurred not at the splice but below it 


QUICK SPLICING 
NOW ADDS T0 
THE ADVANTAGES 
OF PRESTRESSED 
GONGRETE PILES 


2. Workman is shown lining up pile 
to be spliced onto one already driven 
into ground. Note metal jig around 
top of driven pile with side vents for 
pouring quick-setting Florok’s plasti 
cized cement, Everything needed is 
at job site 


Now a new splicing method—devel- 
oped by C. W. Blakeslee Company, 
New Haven, Conn. — adds to the 
already manifold benefits offered 
by high-strength, low-cost pre- 
stressed concrete piles. This unique, 
on-the-job technique increases the 
field of application at minor cost. 
For example, on jobs where the 
depth required to reach the speci- 
fied load-bearing capacity cannot 
be predetermined accurately and/or 
where pile length may vary, it is 
now a simple matter to achieve 
the required pile length by splicing 
and continuing to drive. Materials 
cost for a 12” x 12” square pile 
splice is less than $2.00 and labor 
time within two man-hours. Driving 
can be resumed fifteen minutes aft- 
er the splicing compound is poured. 


The impressive qualities of pre- 
Stressed concrete piles include: 1. 


3. After addition has been set in place and 
properly aligned, heated Florok’s cement (it 
melts to a light fluid consistency between 
265 F and 290 F) is poured into side vents 
of metal jig. In fifteen minutes jig can be 
removed and work resumed. 


Their ability to withstand extremely 
difficult driving conditions (far 
above the capabilities of reinforced 
piles). 2. Their transportability 
from fabricating yard to job site. 
3. Their durability in sea water; 
being crackless they are virtually 
indestructible in all kinds of water. 
4. Their greater column capacity 
over reinforced piles. 5. Their foot- 
for-foot economy. Complete details 
on prestressed concrete piles, and 
the quick splicing method are im- 
mediately available. Write for them 
—and for information on tensioning 
elements for prestressed concrete— 
to Roebling Construction Materi- 
als, Trenton 2, New Jersey. 


ROE EB LENuG 


Branch Offices in Principal Cities 
John A. Roebling’s Sons Division 
The Colorede Fuel and Iron Corporation 








